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ABSTRACT 
 
 
Small mammals, namely those species larger than microfauna like rats and murids but 
smaller than medium, sheep-size fauna, are generally one of the less studied areas of 
zooarchaeology. While this may be partly influenced by modern cultural biases, it is 
more often because finding small, rabbit-sized, mammal remains in archaeological 
deposits presents a problem in accurately differentiating between those arising from 
natural, biological and anthropogenic agencies. This thesis tackles this subject using a 
synthesis of different methods, examining the exploitation and role of small, non-
ungulate mammals in early Western European prehistory by combining existing 
ethnographic knowledge and archaeological research with actualistic experiments and 
bone assemblage analysis. 
It first presents a detailed summary of the various taphonomic effects on bone 
from natural, biological and human action, with particular reference to those of small 
mammals, using empirical evidence to describe the processes and likely resultant 
effects. Small mammal utilisation is then contextualised using archaeological and 
ethnographic evidence to examine past and present practices in Europe and other areas 
of the world. Different acquisition methods, such as hunting and trapping, are 
described, and using small mammals for dietary and non-dietary purposes is outlined, 
along with the rationale for such utilisation given their size. Also considered are other, 
more abstract ideological and symbolic roles they fulfilled within different cultures, 
whether physically using parts of the animal, or conceptually. 
To extend the existing methods available to zooarchaeologists, and improve 
identifying human exploitation of these species, the ‘chaîne opératoire’ of small game 
use is examined from an osteological perspective, starting with acquisition, through 
processing, cooking and consumption to discard, using a series of experiments and 
microscopic analysis to explore potential bone modification signatures and fracture 
patterns arising from such activities. Finally, it places these results into broader context 
by comparing the fracture patterns with bones from British and North American 
archaeological sites, to demonstrate that similar changes can be seen. 
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CHAPTER 1 
 
 
INTRODUCTION: RESEARCH PARAMETERS, 
METHODOLOGY AND RATIONALE 
 
1.1 Introduction 
 “…It is difficult to think of any wildlife that is unaffected by humans or their 
actions. Humans exploit animals big and small, furred or feathered, mainly for 
subsistence or profit but also for sport and entertainment. If animals are not 
exploited directly, they may still be affected by human activities – either gaining or 
losing in terms of protection, food and available habitat. The human population is 
steadily increasing, requiring more space and demanding more resources…” 
(Taylor and Dunstone 1996, 3). 
 
 The above passage was written in the late 20
th
 century about the welfare, use, and 
exploitation of wild animals at that time, but its sentiment is equally applicable to prehistoric 
and historic times. Since the earliest stages of evolution people have relied on animals for a 
range of products, acquiring them either through actively hunting and/or trapping, or scavenging 
their remains from natural casualties or other predators’ kills. Such activities would invariably 
have impacted on the local wildlife population, with temporal and regional variation dictated by 
species availability, food choices, socio-cultural taboos, hunting technique and skill, and 
variation in population density. But while the above passage refers to “…animals big and 
small…” the emphasis within archaeology has generally been on larger species, while smaller 
species have often been overlooked. 
 I propose that these smaller species were utilised to greater extent than is usually 
acknowledged, and this doctoral research was undertaken to redress this imbalance by exploring 
the utilisation and role of smaller mammals in early prehistory. The content of this thesis serves 
to investigate and contextualise their various uses, and more accurately determine the extent of 
their exploitation. It also addresses the problems associated with identifying such utilisation, 
while placing this subject within its broader pan-cultural context. 
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1.2 Approaches to identifying small mammal utilisation 
Mammal exploitation may be defined as the utilisation of an animal for labour or its primary 
and/or secondary products; any or all of which may contribute towards the economy or lifestyle 
of a group or society. These products may variously constitute dietary produce consumed as part 
of their subsistence, or resources employed for their material culture. There is also potentially 
‘conceptual utilisation’, with small mammals fulfilling more esoteric, abstract roles within 
certain cultures. While the context or nature of their deposition may be indicative of cultural 
ideology for this latter category, at times one of the main problems facing archaeologists is 
accurately identifying whether other exploitation has occurred. This is particularly the case 
when trying to identify utilisation of species smaller than the large herbivores that are usually 
viewed as the main source of dietary products and raw materials, for both hunter-fisher-gatherer 
and farming communities. Whereas larger animals are unlikely to ‘accidentally’ arrive in 
occupation site deposits, the same cannot be said for smaller animals that constitute the prey of 
a greater range of predators, many of which may be commensal with humans or inhabit the 
areas in or around those that people occupy. The problem then is accurately identifying human 
utilisation of these smaller mammals from archaeological remains. 
 The techniques employed for this rely on direct and/or indirect evidence. One direct 
method of identifying human/hominin utilisation is from bone fragments within their coprolites 
(see for example Callen 1969, 109;111; Reinhard et al. 2007), though unfortunately there are 
drawbacks. First, preservation conditions affect coprolite survival, although examination of 
archaeological latrine soils where no distinct, ‘formed’, coprolites remain has enabled useful 
dietary analysis (Reinhard and Bryant Jr. 1992, 248). There is also the problem that any 
surviving human palaeofaeces may be confused on visual examination with species such as dog 
or pig whose coprolite morphology is similar (Scaife 2000, 71). But DNA and other 
biomolecular analysis can now distinguish between these, with the latter based on the presence 
of coprostanol, a human molecular marker found in faeces (Bethell et al. 1994). A further 
disadvantage is that digested bone fragments within coprolites may be unidentifiable. However, 
a recently developed technique that identifies small bone fragments using mass spectrometry of 
residual genus-specific collagen peptides (Buckley et al. 2009; 2010) can resolve this, assuming 
that the laboratory processes to prepare coprolites do not compromise its accuracy. A more 
unusual method of identifying small mammal consumption is through fungal spores in faeces. 
Examination of prehistoric human coprolites from Dust Devil Cave (Utah) revealed they 
contained Endogone fungal spores, which grows on the roots of grasses. These are eaten by 
rabbits and small rodents, and enter the human digestive system when the viscera of these 
animals are consumed (Reinhard 1985, cited in Reinhard and Bryant Jr. 1992, 251). 
 A future potential direct technique to identify small mammal exploitation could be 
using skeletal isotopic markers in human bone, which would provide a more direct indicator of 
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their being used as a dietary resource. The measurement of carbon (
13
C) and nitrogen (
15
N) 
provide an indication of dietary trophic levels, discriminating between the consumption of 
terrestrial and marine species, and between predominantly plant-, meat-, or fish-eating species 
(Lee-Thorp 2008). However, there are problems in using this method. Some species under 
consideration here are omnivores, which would produce ambiguous results, but more critically 
this technique is currently not species-specific. So while it could identify consumption of a diet 
rich in carnivores, herbivores, or even piscivores, it would not differentiate between consuming 
large and small herbivore species, or specifically identify eating particular genera, such as 
lagomorphs and rodents. A further potential possibility for later periods is to identify small 
mammal lipids from ceramic residues, as species such as rabbit or hare could have been cooked 
in pots. However, isolating the signature for leporid fats has not yet been achieved. Yet while 
these methods could conclusively show that small mammals were eaten by humans, they 
provide little information about other aspects of their utilisation, such as hunting, butchery, or 
cooking. For this, indirect methods are invaluable. 
 Indirect methods of recognising animal exploitation include information gained from 
examining the osteological remains or the material culture and associated utilitarian artefacts, 
including those items used for procurement, processing or cooking, but also arguably including 
the animals themselves if subjected to any deliberate anthropogenic alteration or manipulation 
while living or dead. This latter category of material culture encompasses any physical or 
biological modification of animals that were scavenged, hunted or managed, such as through 
husbandry and/or domestication, besides the modification or processing of any derivative faunal 
remains and by-products, whether for consumption or utilisation as artefacts. But there are 
issues of discerning whether particular artefacts were used for large and/or small mammals, or a 
particular species, as most would be used regardless. For the purpose of this thesis, bone 
remains associated with exploitation for food will be considered with the dietary material, while 
bones deliberately crafted for use as tools will be considered in a separate chapter and examined 
along with other material culture. 
 Another approach that can be employed is that of ethnographic analogy. There are no 
extant hunter-gatherer groups in Europe, but examination of those in other parts of the world, as 
well as ethnohistoric documentation, may give an indication of the methods and practices 
potentially adopted by prehistoric hunter-gatherers. Though, of course, this does not mean these 
methods were actually those employed. The final, and most used, method of determining small 
mammal utilisation is from examining surviving discarded osteological material for anthropic 
evidence of bone modification, such as from butchery, hunting or cooking. It is this area that is 
mainly considered in this thesis in greater detail. 
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1.3 Rationale 
The dominant perception of prehistoric palaeoeconomics in Western Europe has generally been 
that Palaeolithic hunter-gatherers relied on large herbivores like horse, reindeer, bison, and 
mammoth for dietary products and raw materials (see for example White 1982), mostly to the 
exclusion of other fauna. While it is accepted that the Mesolithic period saw an increased 
reliance on smaller species, especially in the form of marine resources, for Neolithic and 
subsequent farming communities the focus again returns to the large herbivores, with 
assumptions that people depended almost exclusively on cow, pig, and sheep/goat. Even when 
utilisation of wild species is examined the emphasis is generally on large animals like wild boar 
and deer, with only fleeting, often generalised, mention of smaller game.  
 It seems that what is less frequently considered in depth within the archaeological 
record is hominin interaction with, and exploitation of, the plethora of other taxa and species 
that co-inhabited the same world and ecosystems. The environments in which these people lived 
comprised a more diverse faunal range than merely large herbivores, including other 
vertebrates, like fish, birds, reptiles and amphibians, and invertebrates such as crustaceans, 
molluscs, and arthropods, like insects. I consider it unlikely that European prehistoric peoples 
whose subsistence relied on hunting, fishing, and/or gathering would have ignored these other 
creatures as potential foodstuffs and/or resources, especially (through necessity) given their 
inherent involvement with, and reliance upon, the natural world. Humans are essentially ‘broad-
spectrum omnivores’, and so prehistoric diet would have undoubtedly constituted a varying and 
wide-ranging combination of fauna and flora whose selection would have been determined by 
factors like availability, geographical location, environment, climate, hunting technology and 
skill, as well as personal preferences or tastes, and socio-cultural dictates. For example, small 
mammals such as rodents could seem unlikely dietary candidates in prehistory, but such 
attitudes are no doubt biased by modern Western attitudes as to what constitutes ‘edible’ foods 
and which species should be eaten, especially given people’s general perception that rodents are 
‘vermin’. Yet numerous ethnographic groups regularly consume them (see for example Parry 
2007), and historical documentation records that the Romans considered edible dormouse (Glis 
glis) a delicacy, which they often ate stuffed with poppy seeds and sprinkled with honey 
(Cameron 1977, 18). So selection of small mammals for exploitation would have arisen from 
preference for the dietary qualities they provided. They may have acted as an additional dietary 
reserve to augment the use of larger, ungulate prey, maybe even replacing it significantly, or 
broaden the existing food spectrum, whether through cultural and/or personal choice, or 
necessity. Some material culture choices would have been influenced by the resources obtained 
from these species, whether ultimately employed for practical, aesthetic, or symbolic use. 
Despite their size, such species would have been sought for their raw materials, including fur, 
bone, or teeth as ornamentation (Sidéra 2002).  
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 Recent years have seen increased zooarchaeological interest in examining the 
prehistoric and historic use of fauna like birds and fish, with a corresponding increase in related 
research. But one area that remains somewhat neglected, particularly in Britain, is the topic of 
small mammals and their past utilisation. All too often excavation reports that mention smaller, 
non-ungulate faunal remains recovered from prehistoric deposits restrict them to a list of the 
species represented, with the reason for their inclusion within archaeological deposits either not 
addressed or seemingly ascribed to natural causes or accident. Alternatively, such species were 
used as a proxy to ‘reconstruct’ the local and wider palaeoenvironment by outlining the fauna 
and flora within an area, or employed to indicate the climate. Such knowledge undoubtedly 
offers an invaluable insight into local ecology (see for example Price 2003, 98), environment 
and landscape, and provides an indication of the range of dietary resources and organic 
materials available to human inhabitants at the time. While this is invaluable to archaeology 
such species were rarely acknowledged as potentially contributing to subsistence. Yet reports 
that recognize the potential utilisation of small, non-ungulates as food or raw material resource 
remain a rare occurrence; equally rare are papers providing evidence for such exploitation. 
Consequently this area of zooarchaeology has been largely overlooked.  
 
1.3.1 Size is not important! Archaeological evidence for utilisation of small 
non-mammal species in Europe 
Despite their size, smaller non-ungulate faunal remains potentially offer an additional source of 
information about past populations and their lifestyles. Therefore, determining the dietary and 
cultural role of smaller mammals is important to provide a more holistic understanding of 
prehistoric diet and material culture, besides a greater appreciation of socio-cultural attitudes 
towards such species.  
 One of the possible arguments for overlooking smaller mammals as a viable resource is 
their reduced biomass compared with large animals, but other factors have to be considered, 
such as availability, ease of hunting, or returns for effort expended (see section 3.4 for 
discussion of theoretical models with regard to small mammals), and personal preferences are a 
further consideration. The archaeological record confirms this, with evidence for the utilisation 
of fish, birds, testudinates
1
, reptiles, amphibians, and/or molluscs seen from anthropic 
modification of their bones at various sites (see Appendix B for further details). 
 
1.3.2 Ethnographic use of small, non-ungulate species 
Examining ethnographic examples of modern hunter-gatherers, whether from cold or hot 
climates, confirms this tendency for many to employ an increased dietary spectrum utilising 
smaller species, and exploit a greater diversity of fauna than merely larger herbivores. The range 
                                                     
1
 Tortoise s, terrapins or turtles 
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of examples is too vast to be covered here, but includes the cooking and consumption of small 
mammals, birds and amphibians, and reptiles such as crocodiles and turtles in Africa 
(Rybczynski et al. 1996). The local use of ‘bushmeat’ from a range of species has been 
recorded, as well as eating numerous types of small-sized invertebrates, such as insects, 
molluscs, or crustaceans (see Appendix B for further discussion). 
 
1.4 Research aims and objectives 
The main aims of this thesis are twofold. Firstly, to improve our understanding of smaller 
mammal utilisation by humans in Western Europe during the early prehistoric period and 
secondly, to improve identification of bone signatures associated with various human activities 
by developing an alternative or complementary method for detecting exploitation. 
 A number of objectives were defined to address the above research aims. Firstly, the 
intention was to establish whether my perception of small mammal utilisation was correct by 
examining current research evidence; also to examine how small mammal exploitation has been 
identified, to see what has been found before and the methods used. This would provide an 
indication of what small mammal remains have been recovered from prehistoric sites, and 
identify any temporal and spatial variability in exploitation relative to different places, cultures, 
or species. This latter would enable identifying variation between exploitation of different 
species, and determine whether some were preferentially targeted. 
 Another objective was to ascertain why and how small mammals could have been 
exploited, what form might this take and their potential benefits. This would identify if they 
purely functioned as material or nutritional resources, or fulfilled more abstract esoteric roles 
within prehistoric ideology or cultural beliefs. Consequently, in the absence of hunter-gatherer 
groups within temperate Europe, ethnographic and ethnohistoric sources from other regions of 
the world were examined to discover how modern or recent groups acquired and utilised small 
mammals, and their attitudes towards them. While ethnographic analogy has to be used with 
care, it was hoped that this could also help to indicate how such practices might be identified 
archaeologically. 
 Given that identifying human utilisation of small mammals from their osteological 
remains was central to this thesis, a final, important consideration was the issue of taphonomy. 
More specifically, understanding the problems associated with differentiating between bones 
arising in archaeological deposits from anthropogenic action and those resulting from other 
factors, such as natural and biological agencies. A further objective was therefore to undertake a 
detailed examination of the various taphonomic effects produced on bone, in order to pinpoint 
bone modification signatures or changes associated with human utilisation that could more 
clearly indicate such activity (even enabling small mammal bones from disparate sites to be 
compared for differences in butchery practices), and create a new method to facilitate or 
improve upon existing methodologies for identifying bones subjected to anthropic modification. 
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1.5 Research methodology 
The research methodology needed to address the aforementioned issues, so a multifaceted 
approach was adopted. In short, primary data was obtained through actualistic experimentation 
and bone assemblage analysis, and this was contextualised by means of an extensive literature 
review that investigated the evidence for small mammal utilisation from ethnographic accounts 
and archaeological sources. These results were interlinked with the primary data by comparing 
the bone modification. The research methodology is now discussed in more detail. 
 Consideration was first given to the species examined for this research. While rabbits 
were selected for the experiments due to their local availability, and the assemblages comprised 
European rabbit (Oryctolagus cuniculus), cottontail rabbit (Sylvilagus spp.)
 2
, jackrabbit (Lepus 
spp.)
3
, and European hare (Lepus europaeus) to compare with these findings, the intention was 
not to make it entirely leporid-centric. Hence, examining the evidence for small mammal use in 
archaeology and ethnography went beyond looking solely at leporids, to give an indication of 
the diversity of species utilised and the uses to which they were put. However, this was a brief 
examination and each species would benefit from more detailed research individually. 
 First, a thorough investigation was made into the taphonomic effects produced on small 
mammal bones to determine the appearance of bone modification and fractures produced by 
different factors. The intention was to identify the typical effects caused by natural agencies and 
biological predators, and so better differentiate between natural and cultural effects produced on 
bone. Examining the effects on bones of smaller species also served as a contrast to the majority 
of taphonomic studies, which concentrate on larger mammals. 
 Actualistic experimentation was employed to identify, and better understand, the type of 
bone modification and fractures that result from the ‘chaîne opératoire’ of animal exploitation; 
the ‘operational sequence’ created by anthropogenic activities ranging from hunting, through 
processing, butchering, cooking and consumption. This would also facilitate developing an 
alternative or complementary method for identifying cultural exploitation of small mammals. 
The experiment results were then compared with bones from archaeological assemblages that 
were known to have been utilised by humans, to establish the type of modification or fractures 
they exhibited.  
                                                     
2
 The generic term ‘cottontail rabbit’ covers a number of different North American leporid species that 
generally occur in different habitats, though there is some overlap between subspecies. These include 
Sylvilagus audubonii (Desert cottontail; inhabit hot, drier habitats, such as plains), Sylvilagus nuttalli 
(Nuttall’s cottontail: inhabit colder, wetter habitats such as woodland and mountain meadows) (Flint and 
Neusius 1985, 3), and Sylvilagus floridanus (Eastern cottontail). Differentiating between these subspecies 
relies on methods such as metrical separation of the mandible (Neusius and Flint 1985). 
3
 Though termed ‘jackrabbit’ these broadly correspond to European hare in size. Species include Lepus 
californicus (Black-tailed jackrabbit) and Lepus townsendii (White-tailed jackrabbit) (Shelley 1963, 109). 
Cottontail and jackrabbit species are difficult to distinguish from post-cranial bones alone. 
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 Four archaeological bone assemblages were examined; two from prehistoric Puebloan 
sites near Cortez (Colorado, North America) and two from Britain. The North American sites 
were selected as the leporid remains would likely derive from human daily consumption or 
feasting, as recorded by ethnohistoric accounts and supported by the archaeology, so would give 
a good indication of the fractures or bone modification ‘typical’ of such activity. The two 
British assemblages chosen provided both a prehistoric and historic example. The first came 
from the Palaeolithic site of Kent’s Cavern (Devon), chosen as it would provide an assemblage 
where human utilisation was not guaranteed, and enable useful comparison with the 
experimental and North American bones to assess its effectiveness as a method. The fourth 
assemblage derived from the Roman site of Whitehall Villa (Northamptonshire), where 
European hare bones from a feasting event provided an indication of bone modification within 
the historic period. In addition, two ‘control’ assemblages were obtained for comparison; one 
consisting of European rabbits from Herm, while the other comprised North American cottontail 
rabbits (Table 1.1). These assemblages are discussed further in Chapter 10. 
 
Table 1.1: The sites and assemblages from which leporid bones were examined: 
Site Location Period Species 
Kent’s Cavern Devon, UK 
Prehistoric: 
Palaeolithic 
European rabbit 
(Oryctolagus cuniculus) 
Wallace Ruin Pueblo Colorado, USA Prehistoric: 
Cottontail rabbit 
(Sylvilagus spp.) and 
jackrabbit (Lepus spp.) 
Stix and Leaves Pueblo Colorado, USA Prehistoric: 
Cottontail rabbit 
(Sylvilagus spp.)
 
and 
jackrabbit (Lepus spp.) 
Whitehall Farm Roman 
Villa 
Northamptonshire, 
UK 
Historic: 
Roman 
European hare 
(Lepus europaeus) 
Herm 
Channel Islands, 
UK 
Modern 
European rabbit 
(Oryctolagus cuniculus) 
Experimental  kiva 
(subterranean),  Cortez 
Colorado, USA Modern 
Cottontail rabbit 
(Sylvilagus spp.) 
 
 Finally, to place the research within a broader context, a literature search was 
undertaken to find evidence of small mammal use within archaeology and ethnography, which 
would inform and complement the experiments and results and provide a broad chronological 
overview of early prehistoric exploitation. This literature survey provided a synthesis of the 
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archaeological research carried out to date, examining the methods used, the geographic 
location, the species investigated, and the results. The survey also examined the archaeological 
and ethnographic evidence for small mammal procurement methods and use, and within this 
three main topics were addressed. The first investigated the utilisation of small mammals for 
food, the nutritional benefits they provided, and evidence for cultural food preferences or 
taboos, food processing and storage. The second topic explored utilising small mammals as a 
source of raw materials and contribution to material culture. Finally, the evidence for any other 
cultural roles that small mammals fulfilled is considered, such as their use as medicine or in 
rituals, to see if they represented an ideological, symbolic or spiritual construct. Areas examined 
included the pictorial or sculpture evidence, and the depositional context of their remains. 
 While ethnographic analogy has to be used with care there are no extant hunter-gatherer 
groups in Europe, and so examining the practices from other regions of the world could be 
useful to establish the range of approaches and methods that have been adopted, and even 
provide clues as to the type of archaeological evidence that could be obtained to further our 
understanding of early prehistoric European hunter-gatherers.  
 
1.5.1 Summary outline of thesis 
This thesis is divided into four sections. Section I introduces my research, with Chapter 1 
outlining the research question and why it was addressed, the key aims and objectives, and the 
research parameters and background. The main research methodology is outlined (with 
subsequent experiment and analysis methods described in the appropriate chapters), and set 
within its environmental and contextual background. Given that a major problem when 
identifying small mammal usage is differentiating between natural and anthropogenic 
modification, Chapter 2 summarises the various taphonomic effects produced on bones, with 
particular regard to small mammals (see Appendix C for a more detailed account). 
 Section II considers small mammal utilisation generally, and its benefits or limitations. 
It examines archaeological and ethnographic sources to see how small game may have been 
acquired through hunting or trapping (Chapter 3), then looks at their uses for dietary (Chapter 4) 
and non-dietary (Chapter 5) purposes, and the reasoning behind some of these. Finally, the more 
abstract, symbolic and ritual roles of small animals are considered (Chapter 6). 
 The first three chapters of Section III describe experiments undertaken to elucidate the 
modification to small mammal bones produced by certain activities. Between them they 
consider the whole ‘chaîne opératoire’ of small mammal utilisation from initial acquisition 
(Chapter 7), through disarticulation, butchery and carcase processing (Chapter 8), to cooking, 
consumption, and post-discard attack by non-human predators (Chapter 9). Chapter 10 outlines 
the archaeological assemblages used for comparison, and additional methodologies for 
examining bones. Finally, Section IV (Chapter 11) discusses the outcome and findings from this 
research, and ends with a conclusion, which considers potential future directions for study. 
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1.6 Research parameters and background 
1.6.1 Geographical study area 
Geographically, this research focuses on Western Europe (Figure 1.3) and so includes Britain, 
France, and Iberia, but touches on other European countries, including Scandinavia and Italy. 
Ethnographic and ethnohistoric examples are examined from other regions, for comparison or to 
provide examples. 
 
Figure 1.3: Modern map of the study area. The sea level would have been higher in early 
prehistory, with a land bridge connecting Britain and continental Europe (European Commission 
2013). 
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1.6.2 Chronology 
Geologically this time frame extends from the late Pleistocene to the Holocene, and 
encompasses geological environmental and anthropological changes, including climate, 
environment, human evolution, technology, material culture, and human activity, with 
movement of people around Europe and the arrival of groups and cultures with new ideas to 
Britain. 
 Chronologically, the main study period covers the European Palaeolithic and 
Mesolithic, though occasionally examples are cited from later periods for comparison. The most 
notable of these were the hare remains from Whitehall Roman Villa (Northamptonshire), which 
derived from human feasting and were used to examine their bone modification patterns to see 
how they reflected this activity. More recent ethnohistoric and modern ethnographic sources are 
also discussed to provide possible scenarios for prehistoric practices to suggest how hunter-
gatherers might have behaved in the past. 
 
1.6.3 Climate and environmental context  
This timescale encompasses the Pleistocene and Holocene geological periods and the transition 
between them, during which the climate and environment of Western Europe underwent various 
changes. The Lower Palaeolithic climate was predominated by a series of oscillations that 
produced a number of glaciations (‘Ice Ages’) and interglacial stages that culminated in the Last 
Glacial Maximum (LGM), which ended c.18,000 B.C. and marked the transition from 
Pleistocene to Holocene. Following the L.G.M. the climate underwent a series of oscillations, 
changing from warmer to cooler climates. The first period of warming after the last Ice Age 
lasted from 12,700 to 10,800BP, and combines the Bölling and Alleröd mild intervals. This was 
followed by minor interstadial at the start of the Holocene, and then a cooler climate from 
9,900-9,700BP (Schild 1996, 130). The period from 9,700-9,500BP saw a warmer climate, after 
which it stabilised, with a brief warmer phase c.8,000BP (Boreal-Atlantic boundary)(Berger 
1990). During the Bölling (‘early part of late glacial warming’) the North European Plain 
typically comprised open landscape dominated by shrubs and park-tundra, and reindeer, steppe 
bison, and horse megafauna. This was followed by birch, then pine, forest in the warmer 
Alleröd, with fauna including elk, red deer, beaver, and (Megaloceros giganteus). This was 
superseded by the cooler Younger Dryas period, when there was a reversion to a relatively open 
landscape with shrubs and park-tundra, in which were species like reindeer, aurochs and forest 
megafauna (Schild 1996, 130-131) 
 The subsequent temperature increase saw an end to glacial conditions, but resulted in 
isostatic changes in Britain and Europe from the reduced weight of the melting ice sheet, which 
caused the northern parts of Britain to rise with a lowering of those areas south of the ‘pivot 
line’. The melting glacial ice sheet caused eustatic changes, with a corresponding rise in sea 
levels; these changes were more pronounced in some areas than others, especially those that 
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were lower-lying. The most significant change caused by rising sea levels was the submersion 
and loss of the land-bridge that had formerly connected Britain to Continental Europe, and the 
appearance of the resultant English Channel between the two areas, which occurred during the 
Mesolithic period c.6,000 B.C., before the climate subsequently became more temperate and 
stabilised. 
 
1.6.4 Anthropology 
The research time span encompasses the most recent stages of human evolution, so mainly 
examines the lifestyles, activities, and practices of Neanderthals and anatomically modern 
humans (AMH) from the ‘arrival’ of Homo sapiens (Cro-Magnon humans) onwards. Some 
reference is made to earlier fossil ancestors or hominins, with the definition of the term 
‘hominin’ following Gamble’s (2007, 6) criteria, meaning it comprises modern humans and 
their fossil ancestors, though not the great apes (as opposed to the term ‘hominid’ which 
includes them). For simplicity, within this thesis ‘human’ refers to anatomically modern humans 
and/or hominins unless specifically stated. 
 The predominant economy during this time period was hunter-gathering-fishing. There 
are debates surrounding the relationship between behavioural and anatomical modernity, and 
hominin ability to perform deliberately focussed and structured hunting as opposed to merely 
scavenging (Bricker et al. 1993, 2-3) as a permanent subsistence strategy. For this thesis the 
emphasis is on small mammal utilisation, and while acquiring them could have necessitated 
hunting and/or trapping (see Chapter 3), it is accepted that some may have been scavenged. 
 
1.6.5 Fauna within the research parameters 
The mammalian fauna examined here are ‘small’ or ‘smaller’ non-ungulate mammals. As this 
term is ambiguous it is necessary to define what this classification includes. For this research, 
small/smaller mammals (both terms are used interchangeably within this thesis) includes those 
species smaller than medium-sized fauna (such as sheep or pig) but larger than micromammals 
or microfauna such as mice, shrews and voles. These latter species are omitted here as they 
present their own problems and biases. For instance, even if eaten by humans they could have 
been swallowed whole leaving little or no tooth-marks or evidence for consumption (see 
Crandall and Stahl 1995, for example). As such, they would require further methods to improve 
identifying anthropic utilisation, and would make an entire separate study in their own right, 
though there are some areas of overlap with the ‘small’ species investigated here. These include 
issues relating to intrusion into later archaeological deposits, problems associated with 
recovering such minute remains, and differentiating anthropic deposits from those of non-
human predators. 
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 Cochard et al  (2012, 32) define ‘small’ game as species of less than 10kg, which would 
include most smaller native mammals, but also some small ungulates such as duiker
4
. A 
potentially better terminology is proposed by Bicho et al (2000, 503) who coined the word 
‘mesofauna’ to encompass small taxa like lagomorphs, mustelids, and carnivores, so it includes 
leporids, cats, squirrels, otter, fox, and beaver, as well as erinaceomorphs, the mammal order 
comprising hedgehogs and their relatives, and larger rodents. These are included within the 
parameters of this research, as are species that no longer live in the research area, such as 
wolverine. Areas outside Europe are occasionally considered in the context of ethnographic or 
ethnohistoric practices, which introduces a range of exotic fauna, and while these also broadly 
fit these categories, sometimes there is a less rigid restriction on what constitutes ‘small’. 
 In terms of fauna, this thesis essentially encompasses erinaceomorphs (hedgehogs), 
rodents (larger species like beaver), and carnivores; this latter group comprising mustelids (such 
as badger, weasel and stoat), felids (wildcat, lynx), and canids (fox, wolf, dog); though as rabbit 
are used in the experiments the emphasis is on leporids (rabbit, hare and pika)
5
. Pika are small, 
(less than 15cm long), nocturnal mammals with short ears that resemble short-legged rabbits 
that would have burrowed and nested in scree slopes found round gorges (Creswell Crags 
Museum & Heritage Centre 2009b). They are found in Russia today, inhabiting the mountains 
of Central Asia, with one subspecies that lives in North America (Clutton-Brock 1999, 179-
180), but were more extensive in the past. There is evidence for pika (Ochotona pusilla) in 
Britain during the Pleistocene c.10,000 years ago, with remnants found in Mendip, Somerset, 
the Wye Valley (Hereford & Worcester), and at sites like Robin Hood Cave (Derbyshire) 
(Figure 1.4) (Creswell Crags Museum & Heritage Centre 2009b). 
 
      
 
 The emphasis is also on wild animals, though brief mention is made of species like dog, 
which would variously have been wild, domesticated or feral during the research period in 
                                                     
4
 Small to medium-sized antelopes, found in Africa. 
5 More background information on these species may be seen in Appendix A (Volume 2). 
Figure 1.4: Pika jaw, from 
the last Ice Age, found at 
Robin Hood Cave 
(Creswell Crags Museum 
& Heritage Centre 
2009b). 
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question. These are examined here in less detail than other species as their special bond with 
humans and subsequent role as domesticate sets them apart from most small mammals, and they 
have been studied elsewhere in detail within their anatomical, evolutionary, social, and 
ideological contexts (for example Crockford (2000), Morey (2010), Schwartz (1998), and 
Snyder and Moore (2006)). 
 
1.6.5.1 European fauna of the late Pleistocene/early Holocene 
The small mammal species present within the study area would have changed temporally, so 
changes in climate and environmental conditions around the Pleistocene-Holocene transition 
invariably affected on the fauna and flora of Western Europe. The Pleistocene Last Glacial 
Maximum period was dominated by extreme cold temperatures, resulting in a predominance of 
cold-loving species such as mammoth, reindeer, woolly rhino, arctic fox, and arctic hare. As 
temperatures increased some of these species became extinct, while others moved to more 
suitable climates and were replaced by a new range of plant and faunal species. The improved 
temperatures resulted in an increasing number of shrubs and the arrival of warmer climate 
animal species, such as aurochs.  
 
1.6.5.2 Evidence from assemblages: Temporal and regional variation 
Bone assemblages from Late Pleistocene caves in Britain provide an indication of the range of 
species potentially exploited (Table 1.2), as well as temporal changes in the faunal biota. Not 
only large species were affected, and small species that subsequently ‘disappeared’ include 
arctic fox, while the range of those like pine marten became more localised due to 
anthropogenic deforestation. 
 
Table 1.2: Table showing British cave sites and OIS stage, and indicate the local fauna at 
these times (after Currant and Jacobi 2001): 
Site OIS Human activity Mammals 
Bacon Hole Cave Late OIS 5 
 
No evidence  for 
human activity 
Mammoth, roe deer, northern vole 
Joint Mitnor Cave 
(Buckfastleigh, 
Devon) 
Early OIS 5e 
Hippopotamus, bear, spotted hyena, 
wolf, red fox, lion, wildcat, badger, 
mountain hare, mice, and voles 
Banwell Bone Cave 
OIS 4 
Early Devensian 
Bison, reindeer 
Pin Hole Cave 
OIS 3 
Middle 
Devensian 
(60-20ka BP) 
Yes 
Neanderthal 
extinction 
(Stewart 2007) 
Mammoth, horse, woolly rhinoceros, 
wild cat, lynx, brown bear, wolf, 
wolverine, dhole (Cuon), red fox and 
arctic fox, badger, stoat, weasel, least 
weasel (Mustela minuta), polecat, 
 1: Introduction: Research parameters, methods and rationale   
P a g e | 83 
marten, and otter 
Gough’s Cave Late OIS 2 Yes Horse, red deer 
Dimlington Stadial 
interzone 
Early OIS 2 
Late Devensian 
Reappear after  
 
 Cave deposits show that smaller species like mountain hare (Lepus timidus), arctic fox 
(Alopex lagopus), lynx and wolf were present in the Late Glacial period, though dating these 
species was often by association with radiocarbon dated bones from larger animals (Yalden 
2007). In contrast, postglacial Ireland was dominated by small and large predators such as the 
Irish stoat, badger, red fox, Irish otter, wildcat, lynx, bear and wolf. Small prey mammals such 
as Irish hare, wood mouse and red squirrel were native to the country, with wild boar the only 
large prey animal, but a number of current prey animals were absent including shrews, voles, 
rats, rabbits, and deer, leading to what has been termed a ‘prey gap’ (Sleeman 2008, 78). 
 There is no evidence for human activity at any cave sites that might have been 
frequented until OIS 3, when there is evidence at Pin Hole Cave (Derbyshire) (Currant and 
Jacobi 2001); this same isotope stage saw the extinction of Neanderthals (Stewart 2007, 95). By 
OIS 3 lion, cave bear, lynx, spotted hyena, mammoth, and rhino were all extinct in Europe. 
Those that survived included wildcat, lynx, brown bear, wolf, wolverine, dhole (Cuon), red and 
arctic fox, badger, stoat, weasel, least weasel (Mustela minuta), polecat, marten, and otter; 
besides rodents, insectivores and lagomorphs. While the distribution of most of the above taxa 
remained the same after the Pleistocene, that of some species changed (Figure 1.5). Arctic fox, 
least weasel, and wolverine gradually became restricted to either northern or montane areas in 
Europe, while dhole gradually disappeared from Europe into South-west or Central Asia 
(Stewart 2007, 97).  
 By the Mesolithic period Britain and continental Europe contained most of the wild 
species present today, with a few exceptions. Some additional ones, such as beaver, root vole, 
bear, wolf, and aurochs, were present while others, like wild horse, ‘disappeared’ after the 
Mesolithic. Data compiled by Maroo and Yalden (2000, Table 2) indicate the terrestrial species 
present during this time, in what was a predominantly woodland environment, and estimate the 
population density. With a few exceptions, such as red fox, field vole, and of course humans, 
most species’ numbers have ostensibly decreased significantly since then. 
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Figure 1.5: Map showing all the absolutely dated OIS 3 sites with a) wolf (Canis lupus) and b) 
stoat (Mustela ermina) remains. Different sized circles display early (small solid circle), middle, 
and late time zones (Stewart 2007, Fig.2B and C). 
 
  
a) 
b) 
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1.7 Discussion 
Overlooking small mammal and non-mammal species as potential prehistoric foods may be the 
result of our own modern cultural bias, but it is important to remember and appreciate that 
attitudes towards eating certain species may have differed significantly in the past, along with 
spatial, temporal, and cultural variation. Prehistoric populations did not have the luxury of local 
supermarkets providing a vast ready range of local, regional, and even globally imported foods. 
Dietary choices would have been determined by availability, hunting ability, and level of 
hunger, and probably defined by socio-cultural dictates and taboos.  
 There are a number of possible explanations as to why utilisation of smaller species has 
tended to be understudied or even totally ignored, including cultural bias, preservation 
problems, and archaeological excavation methodology. Firstly, for the period in question there 
are a limited number of Palaeolithic sites, especially in Britain, due mainly to the climate at that 
time, and the ice sheet which covered the country for much of the Pleistocene. This would 
undoubtedly have restricted population numbers due to constraints on the species available for 
consumption. Secondly, there is the issue of preservation. It is well recognised and documented 
that deposition of bone in certain soil conditions or contexts inhibits or even precludes its 
survival, dependent upon factors such as acidity, hydrology, and oxygen levels, which affect 
bacterial action on bone. 
 The choice of excavation methodology also undoubtedly influences which bones are 
recovered from a site. Bone retrieval reliant on hand-recovery means the larger elements, such 
as large herbivore limb bones, are much more likely to be spotted by excavators than those from 
smaller creatures, whose chances of recovery are only greatly improved by sieving. Failure to 
recover the bones from smaller species instantly precludes identifying them as being utilised by 
past societies. 
 Lastly, it is extremely likely that our perception of what prehistoric groups and societies 
may have eaten is influenced by our Westernised concepts of what acceptably constitutes ‘food’ 
or is perceived as ‘edible’, and those species whose consumption is considered taboo. Those 
considered less likely to have been eaten, or whose bones are unquestioningly assumed to have 
been introduced onto sites by non-human agencies, are equally less likely to be thoroughly 
examined for potential evidence of exploitation. Hence, any indication of anthropogenic 
modification of these bones, such as burning, butchery marks, or hunting evidence, is 
potentially more likely to be overlooked. Other areas of the world seem more ready to 
acknowledge the consumption or utilisation of a broader spectrum of species. To some extent 
this biased way of thinking must be attributed to an increasingly urbano-centric society that is 
rapidly losing touch with our rural environment, farming, and nature ‘in tooth and claw’. 
Perhaps a contributory factor is the unfortunate lack of any surviving hunter-gatherer groups in 
Europe (Lee and Daly 1999) to influence modern Western perceptions? It is noticeable from 
examination of such peoples elsewhere, past and present, whether cold climate cultures like 
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Eskimos or hot climate, tropical and subtropical societies, that most exploit a more diverse 
range of fauna than merely large herbivorous animals. For example, the cooking and 
consumption of reptiles such as crocodiles and turtles in Africa (Rybczynski et al. 1996) and 
local use of ‘bushmeat’ from a range of species. 
 
1.8 Conclusion 
To summarise, this research examines the evidence for prehistoric exploitation of small, non-
ungulate mammals in Western Europe to more accurately determine the nature and extent of 
their usage, particularly as this is generally an under-examined area of zooarchaeology. 
Obtaining a better appreciation of the role and utilisation of small mammals will provide a 
greater holistic understanding of prehistoric economy and culture. The main research aims were 
to advance our understanding of smaller mammal utilisation, in terms of the potential 
contribution they made to hominin diet and/or as a source of raw materials for material culture, 
besides considering the ‘relationship’ between people and these animals with regard to ideology 
and symbolism, or if they fulfilled other roles. It also aimed to improve recognition of any 
characteristic bone signatures associated with anthropogenic activities by developing an 
alternative or complementary method for detecting cultural exploitation. 
 This was achieved by examining ethnographic and ethnohistoric sources to determine 
how such species were viewed and utilised by other societies. Actualistic experiments were also 
employed, with the results scrutinised and compared to archaeological assemblages to see 
whether changes to residual osteological remains could better indicate if they derived from 
human or non-human agencies. The intention was to augment the osteological methods used to 
identify such utilisation, which could help resolve the debate as to whether small mammal 
remains in deposits were there due to human or natural causes. To contextualise this issue of 
differentiating between human and non-human derived small mammal assemblages, the next 
chapter gives a detailed summary of taphonomic changes to bone. 
 The resulting thesis is divided into four sections. This first section (Section I) 
contextualises my research, with Chapter 1 outlining the research question and why it was 
addressed, the main aims and objectives, as well as the research parameters and background. 
The main research methodology is outlined (with subsequent experiment and analysis methods 
described in the appropriate chapters), and set within its environmental and contextual 
background. Given that one of the main problems when identifying small mammal usage is 
differentiating between natural and anthropogenic modification, Chapter 2 briefly summarises 
the various taphonomic effects produced on bones, paying particular regard to small mammals 
(a more detailed account is given in Appendix C). Section II then considers small mammal 
utilisation generally, and its benefits or limitations. It examines archaeological and ethnographic 
sources to see how small game may have been acquired through hunting or trapping (Chapter 
3), then looks at their uses for dietary (Chapter 4) and non-dietary (Chapter 5) purposes, and the 
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reasoning behind some of these. Finally, more abstract, symbolic and ritual roles of small 
animals are considered (Chapter 6). 
 The first three chapters of Section III describe experiments undertaken during this 
research to elucidate the modification to small mammal bones produced by certain activities. 
Between them they consider the whole ‘chaîne opératoire’ of small mammal utilisation from 
initial acquisition (Chapter 7), through disarticulation, butchery and carcase processing (Chapter 
8), to cooking, consumption, and post-discard attack by non-human predators (Chapter 9). The 
last chapter (Chapter 10) outlines the archaeological assemblages used for comparison during 
this research, and additional methodologies for examining bones. Finally, Section IV discusses 
the outcome and findings from this research (Chapter 11), and it is summarised with a 
conclusion, which also considers potential future directions for study (Chapter 12). 
 
 One of the main problems when examining the exploitation of smaller, non-ungulate 
mammals is actually differentiating between the archaeological remains that were deliberately 
introduced by hominin or human cultural agency, and those that resulted from natural factors 
such as biological or geological processes, or the effects and action of non-human predators like 
carnivores and raptors. The first step then is to outline the range of effects and modification that 
are known to have been produced on bones by different agencies, which will provide a 
comparative starting point for examining further types of bone alteration. The following chapter 
addresses this by providing a summative outline of taphonomy, and the potential changes to 
bone.
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CHAPTER 2 
 
THE TAPHONOMIC EFFECTS OF HUMAN AND NON-
HUMAN INDUCED BONE MODIFICATION, WITH 
PARTICULAR REGARD TO SMALLER MAMMALS 
 
When considering if smaller mammals were utilised by prehistoric societies, whether for food 
provision or raw materials, one of the main problems facing zooarchaeologists is accurately 
identifying if such exploitation has actually occurred. For larger species identification is less of 
a problem because they were invariably butchered into smaller manageable pieces, either to 
facilitate transportation or to divide a carcase among a number of people, with evidence of the 
butchery process frequently left on the bones; but such processes are less likely for smaller-
sized mammals. The problem is further compounded by the fact that many medium- and 
smaller-sized non-ungulates would naturally have lived within the same environment as people, 
and may well have scavenged food scraps in and around occupation sites or areas of human 
activity. Consequently, any natural casualties could inadvertently end up in settlement deposits 
through a range of taphonomic processes during site occupation or subsequent to it, yet without 
constituting an actual component of the cultural economy. Conversely, there is significantly less 
chance of larger wild species ‘accidentally’ being incorporated into settlement deposits. 
 The surviving osteological remains of utilised species, in the form of dietary or material 
culture remnants, are a significant archaeological resource that could help answer this  
conundrum, but as with all organic remains they are subject to the vagaries of preservation. This  
chapter considers the issue of taphonomy and site formation processes relative to 
zooarchaeological remains and deposits. It examines and outlines our current understanding of 
the various means of differentiating between cultural and non-cultural animal bone remains 
from the different effects produced by diverse factors, besides the associated inherent problems, 
and how these have been, or could be, addressed. Particular attention is paid to the effect that 
taphonomic processes may have on bones of the small mammal species considered in this 
thesis, most of which are significantly smaller and less robust than the ungulate herbivores 
usually stereotypically perceived the ‘obvious’ sources of meat and raw materials, and so the 
main candidates for exploitation. 
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2.1 Taphonomy 
The first, and arguably most important, issue to consider when dealing with osteological 
remains is taphonomy. The term derives from the Greek taphos meaning ‘burial’ and nomos 
meaning ‘laws’, and was first coined in 1940 by Efremov, a palaeontologist investigating the 
factors affecting the survival of fossils, who recognised that “…remains are preserved in 
thanatocenoses which bear no part in the life-surroundings of the fauna…” (Efremov 1940, 83). 
Subsequently adopted by archaeology, taphonomy recognises the various biases potentially 
introduced into a ‘fossil’ record by different agents and processes. Since then, innumerable  
papers and books have been written about all aspects of taphonomy, its various effects on 
archaeological deposits by a range of different agencies, and the methods used to identify it (see 
for example Stahl 1996). But there is a difference between the definition and understanding of  
what taphonomy includes when employed in palaeontology, palaeobiology, and the scope of its 
archaeological application. Within palaeontology the term essentially begins with the death of 
an entity, such as a plant or animal, and encompasses the process of how it arrived at its 
eventual deposition site where it subsequently became fossilised. Taphonomy is also studied in 
palaeobiology, where approaches to it have changed over time, with its more current application 
described as being “…focused first and foremost on a geobiological understanding of the earth, 
grounded on the post-mortem processes that recycle biological materials and affect our ability-
positively and negatively-to reconstruct past environments and biotas...” (Figure 
2.1)(Behrensmeyer et al. 2000, 104). 
 Within archaeology, while inorganic materials and cultural artefacts may survive 
relatively unscathed through time, there are a diverse range of materials, such as bones and 
other faunal products, environmental evidence and crop residues (Gamble 2004, 68), which are 
invariably subjected to a range of taphonomic processes, any or all of which can affect how or if 
the material survives into the archaeological record. Yet while most researchers include the 
deliberate deposition or incidental discard of remains to their subsequent recovery as fossils in 
the lithosphere, for some the term also encompasses the recovery methods, analysis, even 
publication or knowledge dissemination (such as Davis 1987) (Figure 2.2). Consequently, 
archaeology generally takes an even wider view of taphonomy, with the precise extent of its 
limits variously interpreted, and consequently applied, by different researchers. For some, its 
application in archaeology is nearer that of palaeontology, while for others the remit is broader, 
with the taphonomic processes seen to start at the time that an animal (or plant) exists as a living 
entity within the biosphere, through its natural death or ‘unnatural’ demise as the result of 
exploitation by humans, whether by means of scavenging, harvesting, killing by hunting, or 
during the course of management and husbandry. For Johnson (1985), taphonomy focusses on 
two main post-mortem phases; ‘biostratinomy’, which extends from the time of death until 
incorporated into the ground, and ‘biodiagenesis’, which covers burial to subsequent re-
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exposure. It assumes processes affecting bone in the past affect bone today similarly; enabling 
testing through ‘neotaphonomic’ analogues (Johnson 1985, 158-159).  
 
 
 
 
Figure 2.1: Taphonomy in palaeobiology is described as ‘‘…the study of how biological, 
chemical, and physical processes operating between each stage preserve or destroy organic 
remains and affect information in the fossil record…’. This diagram showing the main pathways 
between death and ‘paleobiological inference’ (Behrensmeyer et al. 2000, Fig.1). 
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Figure 2.2: Diagram showing the cultural and non-cultural that may potentially act on a bone 
sample between its generation and waste (Rackham 1983, Fig.12:1b). 
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 O’Connor (2000, 20) has subdivided the taphonomic process into various stages, which 
are outlined below in chronological order: 
 Biotic processes are the pre-death environmental, ecological, and cultural factors that 
influence the number and species of animal present at a site at a given time. However, 
Lyman (1994, 160) states that by definition, taphonomic processes can only begin after 
the animal dies, suggesting that interpretations of what constitutes taphonomy can vary, 
with biotic processes less of a factor than other processes. 
 Thanatic processes are those that cause the death of an animal, and any subsequent 
deposition of its remains. These may be due to anthropogenic activity, the action of 
other predators, disease, or simply old age. 
 Perthotaxic processes are factors that cause bone movement or destruction before final 
deposition, and may include geological, cultural, or biological agents. 
 Taphic processes (often termed ‘diagenesis’, or implied by the term ‘taphonomy’) are 
those that affect bones after their burial. They result from the action of complex 
physical or chemical agents, which change bone and affect the quality of preservation. 
 Anataxic processes are those causing formerly buried bones to be re-exposed to 
geological, cultural, or even biological effects. These may stop, alter, or speed up taphic 
processes, though the physical appearance will differ due to bone deterioration during 
previous taphic processes. 
 Sullegic processes are essentially the sampling decisions taken during bone recovery, 
which accidentally or deliberately affect whether bones are recovered or not. 
 Trephic processes comprise the final stage, and relate to sorting, recording, and 
publication decisions, which may filter out much information and prevent areas of it 
from reaching an audience. 
 
 Strictly speaking, in the palaeontological sense of the word only the perthotaxic, taphic, 
and anataxic processes from this list would be considered as ‘true’ taphonomy. Yet archaeology 
includes biotic processes within taphonomy, as well as thanatic, sullegic and trephic processes, 
which are zooarchaeological additions to facilitate understanding the influence of people on 
such deposits, and the interpretation and analysis of faunal remains. The main areas considered 
in this chapter include thanatic, perthotaxic, taphic, anataxic, and sullegic processes, although it 
is recognised that biotic processes will undoubtedly have shaped the abundance and distribution 
of the initial faunal biota for exploitation. Trephic processes will also have had some impact 
because the potential availability of data from excavations or other research literature will rely 
on the inclusion of the appropriate information about the non-ungulate species being examined 
here. 
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 With regard to the subject of this thesis, one of the most significant aspects of 
identifying smaller mammal exploitation is establishing that deliberate anthropogenic 
modification of bone has occurred, rather than their deposition in a context as the result of 
natural agency. This chapter now outlines the main taphonomic processes that can affect the 
appearance and state of bone. The effect on smaller mammals is described where empirical 
evidence is available; otherwise the changes to large mammal bones (that presumably are 
similar to the effects on smaller species’ bones) are detailed. The aim is to establish the main 
criteria that need to be present to positively, and accurately, identify cultural impact on bone. 
 
2.1.1 Bone structure and its effect on survival 
In order to understand how taphonomic processes affect bone, it is first necessary to consider its 
nature. Bone mainly consists of three components, namely collagen (an insoluble protein), 
which accounts for about 22% of dry bone weight and 40% of volume (Nielsen-Marsh and 
Hedges 2000, 1143), a bioapatite calcium phosphate mineral component, Ca10(PO4)6(OH)2, 
which provides compressive strength to bone in the form of plate-like crystals that increase in 
size with bone tissue maturity, and about 8% water when in a fresh, dry state; the content of 
water in buried bones and their surrounding sediments having implications for future integrity 
of bone within archaeological deposits (Turner-Walker 2008, 7). 
 The collagen in bone provides some flexibility and tensile strength, with 90% consisting 
of long Type 1 collagen fibrils. Collagen molecules comprise a trio of stretched helical amino 
acid chains that are twisted into a triple helix. These triplets combine to form into fibrils and 
fibres, with bone mineralisation occurring by deposition of hydroxyapatite platelets in between 
the collagen matrix molecules (Figure 2.3) (Turner-Walker 2008, 5); these are further bound by 
a non-collagenous protein called osteocalcin, which comprises 2% of dry bone weight. The 
mineral bone crystals are deposited with their long axes parallel to those of the collagen fibres, 
aligned in a series of lamellae layers. Running within these are Haversian and Volkmann canals, 
through which nerves and blood vessels pass (Figure 2.4), supplying the bone cells (osteocytes) 
and tissue with nutrients; important as bone tissue is physiologically active, constantly repairing 
and regenerating itself (Turner-Walker 2008, 7-8). 
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Figure 2.3: Diagram of collagen fibrils formed by molecule triplets twisted into a triple helix, with 
bone mineralising between the strands (after Turner-Walker 2008, Fig.1.1).  
 
 
Figure 2.4: Schematic diagram of the micro-architecture of compact bone (Turner-Walker 2008, 
Fig.1.3). 
Bone mineralisation caused 
by deposition of 
hydroxyapatite platelets 
between the collagen fibrils. 
Microfibril (bundle) formed 
by collagen molecule amino 
acid chains  
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 Bone microstructure varies, according to the speed with which it develops and its 
location, resulting in the production of woven (fibre) bone or mature bone. Woven bone is 
associated with rapid growth and is less dense than other types of bone. It is also less well 
organised than other bone as its associated collagen fibres lack linear orientation and are 
irregular in thickness. Such bone occurs in the early stages of skeletal growth and in abnormal 
bone tissue (such as due to infection, fracture or neoplasm). Conversely, the structure of mature 
bone is more organised, forming lamellae either around the Haversian canals to form osteons or 
on the periosteal surface as circumferential lamellar bone. In vivo this structural difference 
affected its porosity and mechanical properties, but within archaeology its main significance is 
that it affects the bones’ resistance to post-mortem degradation (Turner-Walker 2008, 8-9). In 
terms of gross anatomy, bones are made up of compact and/or cancellous (‘spongy’) bone 
(Figure 2.5). In long bones, compact bone is situated on the bone diaphysis (shaft), while 
cancellous bone, in which the lamellae are arranged in an open lattice, or trabeculae, with 
marrow filling the internal spaces, is situated at both epiphyseal ends. 
 
              
 
 Collins et al (2002) identify three diagenetic pathways for bone, based on it being a 
collagen and mineral (bioapatite) composite. These comprise the chemical deterioration of the 
different mineral and organic components, and (micro)biological attack of the composite 
Figure 2.5: Anatomy of a long bone, 
showing the relative position of the  
hard compact bone along the 
diaphyseal shaft, and the spongy, 
cancellous bone at each epiphyseal 
end (Aspinall and O'Reilly 2004). 
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structure. Of these three pathways, chemical deterioration of the organic component “…is 
relatively unusual and will only occur in environments that are geochemically stable for bone 
mineral…”, while for chemical deterioration of the mineral phase “...In most environments, 
bones are not in thermodynamic equilibrium with the soil solution, and undergo chemical 
deterioration…” (Collins et al. 2002, 383). Such demineralisation leaves exposed collagen 
susceptible to bio-deterioration, enabling attack from micro-organisms. Similarly, microbial 
attack essentially starts with demineralisation but in a more localised manner, with any loss of 
any mineral component then exposing the collagen to biodegradation (Collins et al. 2002, 385), 
with the same end result. 
 Buried archaeological bone “…slowly undergoes equilibration with the burial 
environment, with the extent of disequilibrium and the rate of equilibration governing the state 
of the recovered bone…” (Collins et al. 2002, 386). The dominant process causing bone to 
deteriorate also varies with the burial environment. For example, the rate of collagen loss 
depends upon the environmental pH, with increased alkalinity apparently accelerates collagen 
loss, while optimal microbial activity occurs when the pH is near neutral, and acidic low pH 
conditions attacks the mineral component in teeth and bone (hence the degradation produced on 
digested bone exposed to stomach acid). Collagen loss also varies with time (declining through 
time) and temperature (Collins et al. 2002, 385-386); it is particularly accelerated by high 
temperatures and processes such as prolonged boiling (Roberts et al. 2002). However, where 
there are slow rates of biomolecular deterioration in the burial environment, bones can yield 
useful biomolecular information, such as DNA, blood proteins, and cellular lipids, as well as 
exogenous biomolecules such as from tuberculosis (Mycobacterium tuberculosis) (Collins et al. 
2002, 383). Furthermore, such information may be obtained even when bone has been cooked. 
Recent research using cattle bones from medieval York, where the altered bone collagen fibrils 
within them had clearly suffered thermal alteration (from cooking), has also shown that 
mitochondrial DNA fragments can survive moderate heating. Indeed the retention of DNA may 
actually be enhanced by moderate heating (Ottoni et al. 2009). 
 The various taphonomic processes therefore inflict physical and/or chemical changes on 
bone to greater or lesser extent depending upon the size of bone and the context of their burial. 
Bone decay results from a series of reactions determined by factors such as moisture, water 
level, acidity, temperature, oxygenation and calcium content in soil and bone, but while all 
bones are potentially subject to it, its effects vary according to bone maturity, bone size, and 
even the area of the body from which the skeletal element originated. Experimentation using a 
buried sheep carcase identified a varying rate of surface alteration for different skeletal 
elements, with those more distal anatomically seemingly more affected by diagenetic changes 
than more proximal elements. This rate of this is suggested as bearing some relation to bone 
maturation, which varies between different skeletal elements (van Wijngaarden-Bakker 2000, 
88), as well as the relative amount of organic or inorganic content of the different bones. 
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Evidence for differential rates of bone decay in different parts of long bones was also suggested, 
with the diaphysis apparently suffering greater effects than the articular ends, and variation 
according to the position of a bone in the soil, with attrition seemingly occurring to upper-facing 
surfaces before those occluded underneath; though, this could simply have reflected the 
increased acidity in the soil environment used for the experiment due to permeating rain (van 
Wijngaarden-Bakker 2000, 89). Similarly, experiments using small mammal species show that 
in more acidic soil smaller bones from the lower limbs may degrade quicker than larger bones 
from the same animal. For example, the main limb bones from a rat used in the experiment were 
generally fairly well preserved, while metapodials were significantly eroded and all phalanges 
absent in the same animal. While some bone loss may be attributed to recovery methods or the 
effect of soil fauna, some was attributed to probable preferential degradation of bones less well 
protected by skin, fur and flesh, such as those of the feet (Nicholson 1996, 527). 
 In summary, van Wijngaarden-Bakker (2000, 89) defines a general sequence of bone 
surface decomposition from diagenetic change as: 
1. Fresh, smooth surface 
2. Smooth surface with fine-grained pitting 
3. Extension of pitting leading to a dull, rough surface 
4. Beginning of flaking 
 
2.1.2 Recovery techniques 
While recovery of any animal bone or fragment is affected by excavation and sampling 
decisions, those from smaller animals are especially at risk of not being retrieved due to their 
inherent size, as has been demonstrated by various authors. Payne (1975, 13) has even 
suggested that for smaller animals “…most excavators hardly suspect that they are present at all, 
and certainly have no idea of their abundance and variety at many sites…”. This problem may 
be resolved, or at least improved, by the choice of recovery method used. One means of 
improving the amount of small-scale archaeological remains retrieved during excavation has 
been suggested by Struever (1968, 362), who advocates combining water separation and soil-
flotation techniques as it drastically increases the number of small mammal bones recovered, 
and without such data valuable insights into diet may be lost. For example, various rodents are 
known to have been a source of protein for North American aboriginals, yet this is difficult to 
prove archaeologically unless remains are sieved. When recovered, the bones are often 
fragmented and highly splintered, which suggests they were processed and consumed, though of 
course other processes can also alter the state of bone (Yohe et al. 1991, 660). 
 Experiments by Payne (1972) clearly showed a significant reduction in the amount of 
small (and even larger) bones recovered when excavation spoil was not sieved. Subsequent 
experiments into recovery of samples using sieving by Schaffer and Sanchez (1994) 
demonstrated that recovery rates can be further improved by employing sieves with 
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appropriately sized mesh. Fine-screening using ⅛"-mesh potentially enables recovery of almost 
all small mammal bones, including species the size of house mouse (Mus musculus), while 
employing ¼"-mesh facilitates good recovery of those from slightly larger species, with 
potential total recovery of all bones from fox-sized and larger species (Shaffer and Sanchez 
1994, 525). 
 
2.2 Problems with identifying cultural activity 
Even when bones do survive the various taphonomic processes mentioned above and are 
recovered archaeologically, there remains the question of how any exploitation that actually 
occurred might be identified from them. The main problem lies in the variability of site  
formation processes and differentiating between what Schiffer (1987) defined as C-transforms 
(cultural transforms) and N-transforms (non-cultural transforms). C-transforms essentially 
comprise those bones or cultural remains that arrived on a site or settlement as the result of 
deliberate anthropogenic activity (Higgins 1999), such as when introduced as food or resource, 
and subsequently modified, transformed, or distorted in some way. Conversely, N-transforms 
are those deposits that arise at a site due to non-human agency (Higgins 1999), such as natural 
biological or environmental processes that include non-human predators, geological, aeolian, or 
hydrological action, as well as weathering of exposed objects (Schiffer 1983).  
 Identifying whether deposits are cultural or non-cultural is a key issue when recognising 
if any form of animal exploitation has occurred. Although it is theoretically possible to 
distinguish between these effects when examining osteological or even material culture remains, 
in practice differentiation can often remain ambiguous, even contentious, though methodologies 
improve all the time. Moreover, while the range of species recovered may provide an indication 
of local ecological and environmental conditions and the faunal diversity in an area (see for 
example Price 2003), little further bone analysis to elucidate group or culture’s palaeoeconomic 
practices can be undertaken until those bones specifically introduced by humans onto a site can 
be accurately distinguished from those introduced by other agents. 
 
2.3 Ambiguous cultural versus non-cultural modification of bone 
There are a number of potential methods of distinguishing cultural modification and the various 
effects of bone modification from non-cultural agencies, and these will be outlined and 
discussed subsequently (Sections 2.5 and 2.4). But there are instances where similar results may 
occur, yet are caused by different factors, and this section examines examples of these. 
 
2.3.1 Relative abundances 
Various researchers have attempted to produce methods of differentiating between cultural and 
non-cultural bone remains. Shotwell (1955; 1958) developed one method during 
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palaeontological research into extinct faunal communities, as he needed a means of 
distinguishing between those animals living on a site and those subsequently introduced as post-
mortem remains by other means. He produced a methodology that was based upon comparing 
the relative completeness of the various species present to identify mammals living together in a 
community (Shotwell 1958, 272), his argument being that those living further away from a site 
were less likely to have been accidentally introduced. His approach was later adapted for use in 
archaeology by Thomas (1971) who produced a quantitative method to help differentiate 
between bones deposited in archaeological contexts due to human activity and those arising 
from natural agents, such as biological or geological factors. His method was based upon the 
assumption that relatively incomplete carcases are most likely to result from human 
intervention, and that ‘natural’ agencies were more likely to have been the cause where 
relatively complete skeletons were found intact. However, while these criteria may be 
applicable in many circumstances they are not always the case, and a caveat to this must surely 
include the reason for the animals’ utilisation, such as whether it was sought for food or raw 
materials. At Ringkloster the remains of almost-whole articulated pine marten skeletons were 
found on the site of a former lake, which using Thomas’ or Shotwell’s criteria would have been 
attributed to natural deaths or non-cultural agency. Yet the presence of cut marks on the skulls 
(Andersen 1994-95) clearly indicated that their deposition was undoubtedly the result of cultural  
agency, in this case the result of a carcase being discarded after being skinned for its pelt, 
though probably not eaten. 
 The issue becomes less clear-cut when the recovered skeletal material is more 
fragmentary. Bones with clear evidence of butchery (such as chop-marks) are readily 
identifiable as resulting from human activity, but such characteristics are less likely to be 
present on smaller animal bones given the reduced necessity to divide the carcase for 
transportation or cooking. One approach adopted by some researchers to deal with this has been 
to determine which skeletal elements other non-human predators typically leave compared with 
humans (see for example Hockett and Haws 2002), in order to differentiate between predator 
species of origin. 
 Outside Europe, Cruz-Uribe and Klein (1998) examined rock hyrax, hare, and 
jackrabbit bones left by various eagle species in Africa, as compared to those from humans. 
They showed that eagle-roost remains of hyraxes contained a predominance of cranial elements 
with more hindlimb than forelimb, whereas human deposits contained more hyrax limb bones, 
mostly from the forelimb. The converse was true when eagle remains of hares were compared 
with those from humans, with people tending to deposit mostly cranial elements and forelimbs, 
while most hare remnants from eagles were post-cranial and hindlimb bones (Figure 2.6). As 
such, these results strongly imply that skeletal abundances are species-specific in terms of prey 
and perhaps predator too, though prey age seemed not to be a factor. 
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Figure 2.6: Hare elements from eagle-roost (left) and human (right) sites. These patterns are the 
opposite for hyraxes (Cruz-Uribe and Klein 1998, Fig.3). 
 
 Ethnographic data further support the theory that skeletal elements deposited by humans 
may differ from those deposited by other predators. Though not mammals, examination of 
tortoise remains from rock-shelters in the semi-arid Karoo (South Africa) showed clear 
differences in skeletal element composition and bone condition between those left by Bushmen 
hunter-gatherers and raptors. The abundance of skeletal elements at raptor kill sites displayed 
reversed frequencies to those from raptor roosts in rock-shelters (where head and neck elements 
were more abundant). Comparison with another nearby shelter produced a further composition 
variant, with a lack of vertebrae and cranial elements; this pattern was attributed to small 
carnivores (Sampson 2000). 
 
2.3.2 Disarticulation and fragmentation 
Remains that are more fragmented or disarticulated are also often less easily interpreted, though 
much research has addressed this issue and attempted to elucidate the criteria that could clearly 
differentiate between the various cultural and non-cultural effects. One approach was adopted 
by Toots (1965), who carried out a study where he observed the way in which a series of animal 
carcases become disarticulated over time from natural non-cultural decay processes. He 
identified a frequently occurring sequence of disarticulation that begins with the initial  
disconnection of the skull and limbs, followed by disarticulation of the ribs and individual limb 
bones, and concluding with the disarticulation of the vertebral column. He suggested that the 
pattern in which this occurred was determined by the character of the joints and tissues 
surrounding them, but acknowledged that this sequence may be modified by the action of 
carrion feeders or carnivores, or partial burial. 
 However, examination of natural disarticulation by human and other factors, albeit on 
large mammals, has shown little difference in the sequence of disarticulation and the order in 
which the bones become detached from a carcase, as similar patterns were observed by Hill 
(1979) who carried out research into the way in which animal skeletons break apart under 
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cultural and non-cultural circumstances. He compared bone accumulations of African Topi 
antelope (Damaliscus korrigum Ogilby) (Figure 2.7) on the delta flats of the Laga Tulu Bor 
River (Kenya), where such deposits are subjected to the natural effects of climate and predators, 
with the sequence of disarticulation of North American bison (Bison occidentalis) remains at the 
Olsen-Chubbock site (Colorado), citing observations made by Wheat (1972). The bison had 
been deliberately trapped by North American Palaeoindians and partially butchered, but it was 
noted by Hill (1979, 743-744) that there was little difference between their disarticulation 
sequence with butchery and the natural sequence of Topi disarticulation. 
 
           
Figure 2.7: Topi antelope and zebras on the Masai Mara Game Reserve (Africa) (Masai Mara 
National Reserve). 
 
 Actualistic experiments could be performed on smaller mammals to equate to those 
undertaken by researchers such as Hill (1979) and Toots (1965), but the size of species such as 
rabbits, hares and squirrels makes them much more likely to be susceptible to total removal by 
predators and scavengers. A possible solution might be to attach the carcase to a solid fixed 
object, but this would introduce unnatural biases that would be absent in the previous in situ 
studies. 
 
2.3.3 Fracturing 
The subject of bone fracturing is another area in which ambiguities arise, but its interpretation is 
critical to understanding the processes to which the bone has been subjected, and consequently a 
key means of differentiating cultural from natural causes. As a material, bone is a viscoelastic, 
heterogeneous (Evans and Vincentelli 1969), anisotropic substance (this latter defined as 
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“…having contrasting mechanical properties that respond differently to an external stimulus but 
when combined are stronger than either substance alone…”) (Johnson 1985, 165-166). Bone 
maintains its integrity through a combination of tensile strength, which is “…the stress that 
tends to keep adjacent planes of a body from being pulled apart by a force…” and compressive 
strength, which “…keeps adjacent planes of a body from being pushed together by a force…” 
(Ascenzi and Bonucci 1964, cited by Johnson 1985, 167). However, bone can fracture in 
response to trauma or force, such as that inflicted in order to access the fat-rich bone marrow 
within the diaphyseal medulla. Microscopically, in compact bone it relates to the collagen fibre 
orientation and distribution, the distribution and amount of osteons, and the combined response 
of both these structures to force (Evans 1973, cited by Johnson 1985, 167).  
 Bone subjected to trauma can break in a number of ways following the application of 
external forces such as bending, rotation, compression, tension, and shear, with spiral fractures 
arising from torsion of the bone, and compression a common feature of butterfly and oblique 
fractures. The resultant fractures reflect the direction of force, and are classified according to 
their morphology (Figure 2.8) (Galloway 1999, 47; 53).  
 
Figure 2.8: Classification of complete fractures, which is based on its morphology. The arrows 
indicate the directions of the forces applied (Galloway 1999, Fig.2-4). 
 
 Bone breakage inevitably produces a series of technological features (Figure 2.9), 
dependent upon the state of the bone and the nature and location of the force applied. The 
characteristic response to trauma or force in fresh long bones is a ‘spiral fracture’ (Johnson 
1985, 164). It was originally considered that the presence of spiral fractures was exclusively 
diagnostic of human activity (Haynes 1983a, 102), but this is now proven to not always be the 
case. Examination of North American bone assemblages of mammals dated to the Miocene, 
Pliocene and Pleistocene periods have clearly shown a significant proportion of spiral fractures 
at a time that pre-dated humans (Myers et al. 1980), and more recent research has identified that 
such helical fractures (Figure 2.10) tend to occur in fresh bone (Outram 2002). Examination of 
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radiographs, albeit of birds, has also confirmed a tendency for spiral fractures to be the most 
common type of bone breakage in the living organism (Howard 2007).  
 
    
Figure 2.9: The technological features characteristic of a fractured bone (Johnson 1985, 
Fig.5.5). 
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Figure 2.10: Helical fracture in a bison humerus, caused by deliberate percussion on the bone 
shaft that has left a circular imprint, and from which the fracture radiates (Johnson 1985, 
Fig.5.3). 
 
Impact and rebound scars: 
Examination of fractured bones from large mammals, such as bison, has shown that it is 
possible to identify both the site of impact used to break open long bones, as well as a rebound 
scar caused by re-percussion of the bone against a hard surface, such as a stone ‘anvil’ (Figure 
2.11).  
 
Figure 2.11: Bison bones from archaeological sites, where impact (I) and rebound (R) scars on 
spirally fractured bone are clearly visible (Johnson 1985, Fig.5.23). 
 
 Such fracture features are also potentially visible on the bones of small mammal 
subjected to the same treatment, but their smaller size and correspondingly thinner cortical bone 
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on the diaphysis undoubtedly makes such scars harder to identify, given that it is more 
susceptible to fragmentation. Johnson (1985) clearly summarises her criteria for identifying 
culturally-induced fractures in fresh and dry bones, and those modified by human or carnivore 
agencies, as demonstrated on large mammal bones (Table 2.1). 
 
Table 2.1: Category criteria for bone fracture and modification (Johnson 1985, Table 5.2). 
Category criteria Fracture feature or modification  
Fresh 
1. Radial pattern circling around the diaphysis 
2. Smooth fracture surface 
3. Homogeneous colour from exterior or 
cortical surface to compact bone 
4. Obtuse and acute angles formed by 
fracture and cortical surfaces 
5. Loading point present 
6. Fracture fronts never crosscut epiphyseal ends 
 
Dry and 
mineralised 
1. Perpendicular to horizontal single fracture surface 
cutting across long axis of diaphysis 
2. Rough fracture surface 
3. Homogeneous or heterogeneous colour 
4. Right angles formed by fracture and cortical surface 
5. Loading point absent 
6. Fracture front can crosscut epiphyseal end 
 
3. Heterogeneous colour 
from 
exterior cortical surface to 
compact bone 
Carnivore 
Chewing/scooping 
1. Epiphyseal removal 
2. Tooth markings 
3. Gouged spongy material 
4. Jagged, thin-edged compact wall 
 
Carnivore 
Static loading 
1. Pressure points 
2. Size of carnivore tooth contact area 
3. Random flaking / spalling 
4. Tooth markings 
 
Cultural 
Dynamic loading 
1. Impact point / rebound point 
2. Helical pattern at 45° angle to longitudinal axis 
3. Size of impact 
4. Stress relief fracture surface features 
5. Redundant patterned flaking 
6. Tooth markings absent 
One anvil: 
1. Diaphyseal impact point 
placement varies 
2. Rebound point present 
Two anvils: 
1. Mid-diaphysis impact 
point placement 
2. Rebound point absent 
2. Wedge flaking 
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2.3.4 Conclusion 
The way in which bones are modified by various agents are examined in more depth in the 
following sections of this chapter, but a tabulated summary comparing the effects of humans, 
natural events, and non-human predators on lagomorph bones (Table 2.2) has been compiled by 
Yravedra Sainz de los Terreros (2008).  
 
Table 2.2: Some of the characteristics produced by different agents on lagomorph bones 
in accumulations (after Yravedra Sainz de los Terreros 2008, Table 4 (translated)). 
 Natural death Birds Carnivores Humans 
Anatomical 
connections 
Occur Not produced Not produced Not produced 
Ages 
Catastrophic 
events. 
All ages, but 
predominance 
of young 
According to 
seasonality. 
But more young 
Young. 
Around 50% adults 
Around 90% adults 
Skeletal 
profiles 
Complete 
Appendicular and 
cranial elements 
(depending on 
bird) 
Appendicular, 
absence of axial and 
cranial elements 
Complete 
Diaphyses versus 
epiphyses 
Equal Equal Few epiphyses Equal 
Anterior versus 
posterior quarters 
Both Variable Both Both 
Fragmentation No 
Light in owls and 
moderate with 
hawks and eagles 
High fragmentation. 
But bones 
usually exceed 1 cm 
Very high, mainly 
cranial, pelvic and 
appendicular skeletal 
elements. 
Abundance 
of remains ˂ 1 cm 
Traces No 
Polishing, eroded, 
peck marks 
Corrosion, polishing, 
thinning of edges, 
colour change, 
abrasion important, 
tooth marks 
Cut-marks and fire-
marks (sometimes) 
and tooth-marks also 
Type of 
fracture 
No 
Sometimes one 
of the epiphyses, 
also spiral forms. 
Do not 
Chaotic. Patterns 
longitudinal, spiral. 
Produce cylinders 
but  
In the two transverse 
epiphysis from the 
metadiaphysis. 
Produce cylinders 
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produce cylinders of less than 50% of 
the  
size of the bone 
 
2.4 Non-cultural effects (N-transforms) 
N-transforms are those faunal remains accidentally or incidentally modified or incorporated into 
deposits as the result of non-human agency. This includes natural biological, geological, or 
environmental action, such as climate, hydrological effects, colluviation, natural death, or 
predation by non-human agents. 
 
2.4.1 Geological or hydrological action 
The dynamic nature of the landscape and the constant changes from geological forces has 
implications for any archaeological deposit, so the original total pattern of human sites within a 
given area throughout a particular time may become fragmented and no longer be accurately 
reflected in the archaeological record. Such geomorphic processes can equally have a significant 
impact on the spatial and temporal distribution of an archaeological sample (Waters and Kuehn 
1996), as well as the appearance of its components. The action of geology or hydrology (for 
example landslides or floods) may result in accidental re-depositing of non-archaeological bone 
remains, such as natural fatalities or remnants from carnivores, into what were originally 
culturally occupied or utilised sites and vice versa, potentially causing confusion as to whether 
bone deposits in archaeological sites originated from human action. Research has shown that 
concentrations of broken bone on some open-air ‘camp sites’ or ‘occupation sites’, which were 
previously thought to have been the result of hominin action, were instead at least partially 
caused by fluvial action, as well as by animals (Isaac 1983). Furthermore, there is also evidence 
for differential transportation of skeletal elements by water dependent upon bone wetness or 
dryness, and the degree of articulation (Coard 1999). Particular non-cultural effects will now be  
examined in more detail. 
 
2.4.1.1 Weathering 
Weathering is defined by Behrensmeyer (1978, 153) as “…the processes by which the original 
microscopic organic and inorganic components of bone are separated from each other and 
destroyed by physical and chemical agents operating on the bone in situ, either on the surface or 
within the soil zone…”. For those bones deposited above ground these changes are usually due 
to sun, wind, and/or freeze-thaw cycles. Microscopically this produces changes to the 
hydroxyapatite crystal structure (Tuross et al. 1989), which results in the usually smooth outer 
cortical bone cracking, splitting and flaking from the outer surface inwards (Stiner et al. 1995, 
231), though buried bones tend to crack less than those exposed to conditions like weather, fire 
or boiling (Tappen and Peske 1970, 384). The appearance on bone from the effects of these 
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processes has been recorded for large and small mammals (for example Andrews 1995) (Figures 
2.12 and 2.13), and birds (Tappen and Peske 1970).  
 
    
 
    
 
 Behrensmeyer (1978, 153) also classified bone weathering into stages (Figure 2.14 and 
Table 2.3), though these are only applicable to mammals in excess of 5kg body weight. A 
similar classification scheme has yet to be established for smaller mammals, birds, reptiles, and 
fish, but the weathering characteristics of some smaller mammal bones, such as African hare 
(Lepus capensis), seemingly differ from those of larger species as they apparently have more of 
a tendency to crack and split (Behrensmeyer 1978).  
 
Figure 2.12: Splitting and surface 
changes on a vole proximal femur 
made by weathering. This effect 
makes it increasingly friable and 
susceptible to further 
degeneration (Andrews 1995, 
Fig.2). 
Figure 2.13: Superficial cracking 
and exfoliation on a murine 
maxilla found at Olduvai, caused 
by weathering. Both the bone 
and the tooth root is affected 
(Fernández-Jalvo et al. 1998, 
Fig.2c). 
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Figure 2.14: Different weathering stages on bone: A) Initial cracking parallel to bone fibres B) 
Flaking of outer bone layers C) Fibrous rough texture and damage of surface bone D) Deep 
cracking E) Deep cracking and splitting (Behrensmeyer 1978, Fig.2). 
 
 
Table 2.3: Weathering stages of bone (after Behrensmeyer 1978, 151; Lyman and Fox 
1996, 224) 
Stage 
Range of years 
since death 
Definition of weathering stage 
0 0 - 1 
No surface cracking or flaking due to weathering; bone greasy; 
soft tissue such as marrow, skin or muscle/ligament present 
1 0 - 3 or 4 
Cracking parallel to fibre structure (longitudinal) in long bones. 
Articular surfaces may show mosaic cracking of covering tissue 
and bone. Soft tissue may or may not be present 
2: Identifying exploitation: Taphonomic effects 
P a g e | 111 
2 2 - 6 or 7 
Surface flaking of outermost concentric bone layers, usually 
associated with cracks; flakes are long and thin with one edge 
attached to bone; crack edge angular; exfoliation started 
3 4 – 15+ 
Bone surface rough, fibrous texture; weathering only 1.0 to 1.5 
mm deep; crack edges rounded in cross section 
4 6 – 15+ 
Bone surface coarse, rough and fibrous; large and small splinters 
loosely attached; weathering penetrates to inner cavities; cracks 
are open with splintered or rounded edges 
5 6 – 15+ 
Bone mechanically falling apart into pieces, very fragile. 
Cancellous bone usually exposed, and may outlast former 
compact bone 
 
 
 However, as pointed out by Lyman and Fox (1996, 224-225) during a more recent 
review of this data, that although the general scheme of weathering has been correlated by 
researchers like Miller (1975), who examined weathering of subaerial bones in a south 
Californian desert, and while these time periods were calculated from carcasses of known age-
of-death, they do not allow for factors like different microenvironmental context and subsurface 
conditions. As such, the time period for each stage will vary with burial context and conditions. 
 Other researchers into bone weathering include Tappen and Peske (1970, 383), who 
have identified the linear nature of weathering and shrinkage split-lines. Their experiments 
showed that such patterns follow collagen strand alignment and are similarly orientated in 
decalcified bird and small mammal bone. They provided evidence that with good collagen 
matrix survival, bone splits occur parallel to weathering splits, with all such breaks aligned with 
the long axis of the bone and so opposite to the direction of most traumatic fractures (Tappen 
2005, 191). 
 Besides the effects mentioned above, various others have been seen in bone, though the 
causal factors are not always known. One such example is the ‘mosaic’ pattern of cracking 
sometimes seen on the surface of bones (Figure 2.15), which is again thought to be related to 
weathering (Behrensmeyer 1978). Finally, Fernández-Jalvo et al (1998) have termed the flaking 
of the bone surface, that occurs without cracking, as ‘desquamation’ (Figure 2.16). As with 
many taphonomic changes to bone, this can occur on bones of large and smaller mammal 
species. 
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Figure 2.15: ‘Mosaic’ cracking on the surface of a bone from Amboseli (Africa), the cause of 
which is unknown (Behrensmeyer 1978, Fig.3). 
 
                   
Figure 2.16: Flaking of the bone surface on a small mammal tibia. This surface exfoliation with 
no bone cracking has been termed ‘desquamation’ (Fernández-Jalvo et al. 1998, Fig.2d). 
 
2.4.1.2 Water action and abrasion 
Water invariably has an effect on bones, both in terms of transporting them, and damage. 
Behrensmeyer (1982, 213) discusses the means of identifying when bones are allochthonous
6
, 
that is when transportation has occurred, citing factors such as their presence within sediments 
deposited by water channels, and alignment of bones that indicate current action. Other 
identifying factors include sorting, with the loss of lighter bones, the lack of articulated parts, 
and surface abrasion on bone, which varies within assemblages. 
                                                     
6
 Originating at a distance from where found 
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 Research to test abrasion of micro-mammal remains by Korth (1979), using two mouse 
skeletons in tumbling barrels with water and quartz grains, identified that the initial effect on the 
skeletons was disarticulation, with the hypsodont (rootless) teeth falling out from both upper 
and lower jaws. As the length of time increased the bone edges became rounded and there was 
progressive thinning of some bone surfaces, which subsequently caused breakage of some bones 
(Lyman 1994, 186). However, while such effects may well result from water action and 
abrasion in a natural environment, it is less likely to be at such an intense constant rate, and 
Shipman and Rose (1984) contend that the effect of the quartz grains and tumbling water on the 
bones in the experiment is more constant than on bones within a natural water environment 
would be. 
 
2.4.1.3 Rockfall 
Another natural process that has implications for the condition of recovered bone is the effect of 
rockfall onto animal carcases, whether as fresh or dried deposits. While such events can affect 
large animals there are almost greater implications for smaller species, such as microfauna, 
mesofauna and birds, as many will have been variously introduced into rockshelters and cave 
sites by humans, raptors, and/or carnivores. As such the recovered remains could bear evidence 
of utilisation of these agencies, as well as the effects of rocks subsequently deposited onto them, 
creating further interpretation problems. 
 Experimentation into the effects of rockfall has been carried out by Karr and Outram 
(2012 In press), to address the issue of bone survivorship relative to bone mineral density on 
dynamically loaded bone in response to the general assumption that denser compact bone is 
more likely to survive than cancellous bone, with the latter more likely to break under physical 
stressing. For the experiment a range of cobble and boulders of varying weights were dropped 
onto fresh, semi-dried and frozen bovid bones from a height of 2.75m. The results showed a 
tendency for fracturing of the more dense elements such as long-bone shafts, rather than the 
epiphyseal ends, so overturning the ‘accepted’ understanding  (Karr and Outram 2012 In press). 
 A probable explanation for this is that quadruped long-bone epiphyseal ends comprising 
cancellous bone are designed to act as shock-absorbers and so be more resistant to impact from 
various directions concordant with the type of adjacent joint and its associated stresses during 
movement, yet the shafts are designed to withstand vertical, linear forces from the weight of the 
animal, so any lateral impact or force will be more likely to result in breakage, whether from 
human, rock or other predator. While these experiments were performed on large mammal 
bones, similar changes are likely to be produced in the skeletons of small mammals, given the 
general anatomical structure and nature of bone, with the result that elements damaged by 
rockfall, such as within caves, could appear similar to bones deliberately broken for marrow 
extraction. 
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2.4.2 Biological action: Effects of non-human predators on bones 
Biological action essentially comprises the effect of non-human predators on bones, and may 
variously result from vertebrate, invertebrate, and even plant action. These are now examined in 
turn.  
 
Vertebrate agents: 
2.4.2.1 Digestion 
Although carnivores such as felids and canids are the most obvious candidates to indulge in 
osteophagy (bone eating) there are a number of other animals, including herbivores and humans, 
which attack or affect bone in some way. Any such alteration may not be uniform across a bone, 
with different processes variously impacting upon its compact and/or cancellous components.  
 Surface changes to bone may indicate that it has previously been digested, though it is 
not always possible to identify whether this was from consumption by human or other predators. 
Bones from small and medium-sized species, and the smaller elements from large animals, such 
as phalanges, are particularly susceptible to this kind of modification. The process itself tends to 
leave striations on the bone and strips enamel from teeth (Figure 2.17) (Andrews 1995).  
 
   
Figure 2.17: Left: Vole molar digested by a common buzzard (Buteo buteo), showing extensive 
enamel loss (Andrews 1995, Fig.2). Right: The femur of a small mammal showing ‘light grade of 
digestion’ (Fernández-Jalvo et al. 1998, Fig.2a). 
 
 Digestion by different predators may also produce varying effects on bone. For 
example, hare innominate bones recovered from golden eagle pellets show greater staining and 
thinning compared to those from coyote scats (Figure 2.18)(Hockett 1996) (and see sections on 
effects of raptors (2.4.2.6) and carnivores (2.4.2.3)). 
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Figure 2.18: Hare innominate bones from coyote faeces (left) and from golden eagle pellets 
(right), showing differential bone staining and thinning; those from eagles being significantly 
thinner (Hockett 1996, Fig.2). 
 
2.4.2.2 Effects from ungulates 
Gnawing and consumption: 
Omnivorous ungulates, such as pigs, will eat any organic matter, whether hard or soft, fresh or 
rotten. Experimentation by Greenfield (1988) feeding parts of sheep, pig and cattle carcases to 
domestic pigs showed they exhibited a marked preference for smaller bones (consuming all 
those from sheep and pig) and softer or lower density bones from larger species’, such as 
cooked bones or those with a high proportion of cancellous material (Figure 2.19). The pigs 
displayed a tendency to lick, chew, and carry bones, often leaving tooth marks, and occasionally 
rolled larger elements to remove any remaining flesh. Unlike dogs, they tended not to pick up 
larger bones or drag them away, nor did they seem to deliberately unearth buried bones or show 
interest in those without soft tissue. Consequently, larger bones showed little displacement from 
their original position (Greenfield 1988, 475).  
 Given pigs’ feeding tendencies it is likely that any smaller mammal species remains 
they encountered would be totally consumed, with consequential damage to the bones. 
Although the experiment used domestic pigs the feeding habits of wild species are comparable, 
which has implications for bones from rural assemblages where modification could result from 
wild or domestic pigs. Research in Aragon (Spain) into the diet of modern wild boar, using 
stomach contents,  has shown that the most common sources of animal protein eaten include 
micromammals such as Mediterranean pine vole (Microtus duodecimcostatus), wood mouse 
(Apodemus sylvaticus), and greater white-toothed shrew (Crocidura russula), along with goat 
(Capra hircus), which they scavenged (Domínguez-Solera and Domínguez-Rodrigo 2009, 347). 
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 But gnawing bones is not just limited to carnivores and omnivores. Both medium and 
large ungulate herbivores are known to gnaw bones from other mammals, mainly for their 
mineral content rather than for the meat or marrow. Artiodactyl herbivores that gnaw bones 
include sheep (Brothwell 1976) (Figure 2.20) and deer (Kierdorf 1994), which leave tooth 
marks on the surfaces, while cattle are recorded as obtaining calcium by chewing bones (Rixson 
1989 for 1988, 61). 
 
 
Figure 2.19: The effect of pig gnawing on cattle bones: Scapula (a), Humerus (b,c) and Ulna (d) 
(Greenfield 1988, Fig.1). 
 
Figure 2.20: Gnawing on a mandible caused by sheep on North Ronaldsay, Orkney (Brothwell 
1976, Fig.1c and 1a). 
 a)  b) 
c) d) 
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 Research into the types of modification produced show that deer gnaw bones leaving 
transverse grooves across them and exposing the underlying cancellous bone with repeated 
gnawing, eventually producing a characteristic fork shape at the bone end (Figure 2.21). Unlike 
carnivores they prefer dry bones rather than fresh meaty or marrow-filled bone, concentrating 
on the rectangular ends of them instead of the shaft, and rarely leaving punctures or depressions 
on the bone surfaces (Cáceres et al. 2011, 2772).  
 
         
 
 Other researchers have additionally recorded a zigzag effect produced on bone (Figure 
2.22) and antler by reindeer (Sutcliffe 1973). Such bone modification could easily be mistaken 
for the result of human activity, especially given the regularity of the shape produced, and 
potentially another ‘pseudotool’. 
 
Figure 2.21: Chewed bones 
modified by deer, showing the 
typical effects produced. 
a) Transverse grooves 
b) Exposure of spongy, 
cancellous bone 
c) Typical fork shape 
(Cáceres et al. 2011, Fig.3). 
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2.4.2.3 Effects from carnivores 
Of major consideration are the presence of carnivores or other carrion scavengers on, or in the 
vicinity of, occupation sites, and the issue of gnawing or consumption of whole bones in either 
their fresh or drier state. While some carnivore action may be difficult to differentiate from 
human modification, this is not always the case; “…the types of bone modification left on 
leporid bones by lynx and other carnivores is quite unlike those marks inflicted by human 
action…” (Lloveras et al. 2008a, Fig.6). The effects of different carnivores are not outlined 
below. 
 
Canidae (e.g. Dogs/Wolves/Coyote) 
That carnivores should leave tooth marks on bone is not surprising, and if prehistoric people had 
canids on a site these are extremely likely to have scavenged and eaten, or at least gnawed, any 
available discarded bones. The potential effect of dogs and other canids on bone remains is well 
documented (see for example Binford 1981), who defines four basic categories of tooth mark: 
punctures, pits, scores, and furrows (Binford 1981, 44). Punctures comprise indentations or 
holes created in cancellous bone from teeth (Figure 2.23), especially canines or carnassials.  
 
Figure 2.22: The effects of 
wild reindeer chewing on a 
dry reindeer metatarsal, 
creating both forked and 
zigzag effects (Sutcliffe 
1973, Fig.3). 
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 Yet while it may seem easy to distinguish between tooth marks and deliberately made 
holes in bone, it is not always the case. Lartet and Christy (1865-75, cited by Chase 2001) 
interpreted reindeer phalanges with holes as whistles, though this has since been disputed by 
some researchers (including Chase 2001) who suggest that they were either toothmarks or 
created by chemical action. Other authors have also identified animals as instigating such 
modification. Bones originally interpreted as man-made ‘chisels’ were later seen as created by 
carnivore gnawing, with the puncture holes resulting from chewing through to the marrow 
(Singer 1956, 1127) (Figure 2.24). 
     
 
Figure 2.24: Long-bones from Fish Hoek Cave, with chewed ends, and holes in the shafts 
created by animals rather than human agency (Singer 1956, Plate 4). 
Figure 2.23: Bones with 
puncture holes made by 
animal teeth (Binford 1981, 
Fig.3.01). 
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 Gnawing may also cause extensive pitting of compact bone (Figure 2.25), or leave 
striations, scores and furrows in it (Figure 2.26). This is caused by animals (such as dogs) 
gnawing on harder compact bone, as animals gnawing on bone generally start with the softer, 
cancellous bone then progress to the harder, compact bone areas, which have less give under the 
pressure of their teeth. It may take the form of discrete lesions or series of indentations that 
remove bone fragments from very thin bone to produce a ‘crenulated’ edge (Binford 1981, 46) 
(Figure 2.27). There is also a tendency for the less dense articular bone ends to be damaged 
more frequently than the denser compact bone, but once this is removed, the shaft length is 
progressively reduced. In both cases this enables access to the bone marrow. Gnawing also 
tends to be across bones, following the contour (Eickhoff and Herrmann 1985). 
 Rodents also gnaw bones (see 2.4.2.5), but while they produce bone margins with a 
relatively uniform pitch that apparently extends from the outer to inner bone tables, bone 
margins gnawed by carnivores have a tendency to be less regular and often rounded, with no 
uniform pitch from the outer to the inner surfaces (Haglund 1996a, 379). 
 
          
          
Figure 2.25: 
Extensively pitted 
bone, caused by 
animal gnawing 
(Binford 1981, 
Fig.3.03). 
Figure 2.26: The shaft of 
a long-bone, with scores 
and furrows in the 
compact bone caused by 
animal teeth (Binford 
1981, Fig.3.06). 
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 Kent (1981) proved that besides gnawing, dogs will completely consume (and 
subsequently pass) smaller or more brittle bones and fragments of bone; evidence also seen 
during ethnographical study of a Kalahari tribe (Africa) by the same author (Kent 1993, 340). 
Another study that specifically investigated the effects of carnivores on smaller mammal 
remains is that by Payne and Munson (1985), who examined the effect of carnivores (in this 
case dogs) on squirrels. The study involved feeding 40 squirrels to a large mongrel, the resultant 
faeces were collected and the bone fragments contained within them quantified. Calculation of 
the MNI (minimum number of individuals) present showed that only the equivalent of at least 
eight squirrels had been recovered, providing clear evidence of the potential taphonomic loss 
that could affect small mammal remains. Therefore, while carnivores scavenging bones from 
large herbivores is more likely to result in gnawing of articular ends, the impact of such action 
on smaller species will be more pronounced as the small size of many non-ungulates, such as 
squirrels, increases their susceptibility to being completely eaten by scavengers and their bones 
not actually reaching the archaeological record. 
 Other effects proven to have been produced by carnivores, and potentially confused 
with anthropogenic modification, include channelling and chipping-back of long-bones (Figure 
2.28). It has also been shown that they increase the distribution pattern of bone, resulting in less 
chance of it being recovered archaeologically (Kent 1981). 
 
Figure 2.27: Scapulae with 
crenulated edges, the 
result of canid (dog and 
wolf) gnawing (Binford 
1981, Fig.3.40). 
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Figure 2.28: Caribou long-bones that have been channelled and chipped-back by predators. 
Such effects may be confused with anthropogenic modification (Binford 1981, Fig.3.17). 
 
 However, most of these studies were performed using large mammal remains; there 
have been relatively few studies specifically examining for any potential different taphonomic 
action on the bones of large versus smaller species. But a study by Valdez and Valdez (1997), 
which questioned the apparent disparity in the relative abundance of camelid and guinea pig 
bones from ancient Andean sites, clearly showed that the smaller size of the cavy bones resulted 
in a significant reduction in the number of recovered bones. This was because cavy bones would 
often be totally consumed by dogs, which seemingly had a preference for the taste, while 
complete removal of the larger camelid (llama) bones was less likely. Other studies correlate 
these findings, showing that smaller bones may be totally consumed. 
 The size and species of carnivore undoubtedly affect the type of damage inflicted on a 
small mammal due to inter-species anatomical variation between predators. This will variously 
result from different animals having different shaped teeth, stronger or weaker jaw muscles, and 
different ways of eating (whether tearing flesh or crushing bone during consumption). At the 
smaller end of the scale mustelids will leave tooth marks and tear off smaller pieces of flesh, 
while more delicate felids are more likely to leave tooth punctures and more intact bones. 
Conversely, larger canids and large mustelids like wolverine are more likely to totally crush and 
consume bones, passing them fragmented, and pitted, eroded, and/or polished by digestion in 
scats. The bone may also be bitten across by canids. Examination of leporid bones recovered 
from a coyote lair show patterns atypical to those from human butchery or consumption. 
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Whereas with human leporid processing the feet are cleanly removed on the distal end of the 
tibia or radius/ulna, such removal is less precise in coyote (Figure 2.29), with these bones 
typically snapped mid-shaft. However, at times of dietary stress the whole animal may be 
consumed (Schmitt and Juell 1994, 257).  
 
                            
Figure 2.29: Articulated Lepus lower limbs from a coyote feeding site in Nevada. They produce 
irregularly-shaped broken tibiae, which can be clearly seen (Schmitt and Juell 1994, Fig.7). 
 
 Those bones that do survive digestion often undergo significant bone damage in the 
process. Examination of 40 coyote (Canis latrans) scats by Schmitt and Juell (1994) showed 
that lagomorph bone remains within them had undergone significant fragmentation and 
exhibited distinctive breakage patterns. They identified clear digestive attrition in the form of 
pitting, polishing, and staining, due to the action of gastric juices on them (Figure 2.30), with 
the extent possibly related to digestive transit time (Schmitt and Juell 1994, 252). Few bones 
survived intact, those that did being smaller elements like phalanges and carpals, while larger 
bones often had tooth-marks on them, though they concluded that punctured scat bones and 
those from raptors cannot be differentiated (ibid., 259). However, some distinctive patterns were 
3 cm 
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identified. The shafts of most proximal ulnae had feathered ends, and the posterior aspects of 
olecranon processes were absent, while distal humeri and proximal radii shafts were usually 
reduced to small, short fragments, some with a narrow notch. A greater range of fracture 
patterns, with varying fragmentation, was seen in hindlimb bones, while ribs and cranial 
elements breakage also varied (Schmitt and Juell 1994, 254). 
 
                          
             
               
Figure 2.30: Lagomorph bones in coyote scats. Changes seen in the bones include: 1: Pitting, 
2: Polish, 3: Round edges to fractures, 4: Feathered/jagged fractures (Schmitt and Juell 1994, 
Fig.2). 
 
Felids: 
Authors who have examined the effects of felids on bones include Haynes (1983b), while 
Moran and O’Connor (1992) have described the effects of domestic cats chewing sheep bones. 
Researchers who have examined and described the effects of felids on small mammal bones 
include Lloveras et al (2008a) who examined the effects produced by lynx (Lynx pardicus) on 
leporid bones (Figure 2.31).  
1 cm 
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Figure 2.31: Rabbit remains showing the effects of consumption and digestion by lynx (Lynx 
pardicus). Many bones are fragmented, exhibit corrosion from digestion, and toothmarks 
(Lloveras et al. 2008a, Fig.6). 
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 The results showed that there was a strong degree on corrosion on the bones, caused by 
digestion, and that they were very fragmented, with toothmarks clearly evident. The most 
abundant elements were cranial bones, followed by long bones. Comparison with raptors 
showed that the patterns were most like diurnal raptors, but different from owls (Lloveras et al. 
2008a). 
 
Other carnivores: 
There are other predators besides canids that may alter the relative abundance and state of 
smaller animal bones through consumption and digestion, including felids, viverrids (such as 
mongoose, genet), and mustelids (such as weasel, stoat). Various authors have examined the 
effects of other species, including bears and cats (for example Haynes 1983b), while Moran and 
O’Connor (1992) have described the effects of domestic cats chewing sheep bones. 
 Mammalian carnivores may regurgitate bones, but most are deposited within their 
faeces. Species like fox, badger, mink, and otter that constantly use specific places for their 
latrines and/or use their scats as territorial markers may accrue considerable deposits over time 
(Andrews 1983, 78-79), that archaeologically could potentially be mistaken for the action of 
humans. However, carnivores’ scats tend to contain numerous small bones or bone fragments 
that are corroded by gastric acid during transit through an animal’s intestine. Canids cause the 
most bone fragmentation and viverrids the least, with preservation related to the relative 
strength of the different skeletal elements. Changes include severe rounding and acid erosion in 
bones and tooth enamel (not dentine) eaten by any canid, while for mustelids and viverrids the 
changes are more moderate, with less corrosion in viverrid-derived bone assemblages than in 
those from mustelids. However, tooth marks tend to be seen in canid-chewed bones only 
(Andrews and Evans 1983, 289). Studies examining the characteristics of bone deposits within 
large carnivore dens have also shown that they tend to include a high incidence of bones with 
tooth-marks, a feature that is less likely from human activity. Payne (1983, 150) has suggested 
that in caves larger animal bones more probably represent the remains of human food, while 
bones from smaller species like rodents or bats are more likely attributable to carnivore activity, 
with very small rodent bones introduced by raptors like owls, probably in regurgitated pellets.  
 Research by Mallye et al. (2008) revealed that examination of bone remnants within 
spoil heaps outside a shared badger sett and fox burrow (Figure 2.32) give a good indication of 
the type of bone modification produced by these carnivores, with a predominance of punctures, 
notches and pits. The authors also showed that the element type and abundance varied with 
species, with consumed species represented by low numbers of hindlimb bones and higher 
numbers of forelimb bones, while the reverse was true of predators. The relative abundance of 
different sized prey fauna was over 70% microfauna, over 25% mesofauna, and less than 1% 
macrofauna, which were scavenged. Such proportions were considered a useful means of 
distinguishing between small carnivore and human deposits (Mallye et al. 2008, 191). 
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Figure 2.32: Evidence of modification by small carnivores, such as badger and fox, on bones 
from mole (A), rabbit (B,C,D), cat (E,F) and chicken (G,H,I) showing (Mallye et al. 2008, Fig.11). 
 
 Another consideration is the potential effect of aquatic carnivores. For example, otters 
are a potential origin of small animal bones in settlement deposits. While their diet is usually 
predominantly fish, analysis of otter spraints reveals that they also eat crustaceans, amphibians, 
and small birds, and are known to occasionally acquire small mammals by scavenging or even 
preying on them. This increased prey range is particularly noticed in otters living inland in 
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riverine areas. Concentrations of small fish and mammal bones found at prehistoric sites, such 
as the Neolithic chambered cairns at Quanterness and Isbister, and the Iron Age site of Bu 
Broch (all on Orkney), have all been attributed to originating as otter spraints (Nicholson 2000). 
 Other larger aquatic carnivores such as pinnipeds, dolphins, cetaceans, and sharks may 
also contribute to deposits. These species may haul out onto marine, estuarine, or freshwater 
beaches or banks to die, with the result that their stomach contents, which could contain smaller 
pinnipeds or mammal species such as sea otter (Enhydra spp.), birds, fish, and invertebrates like 
molluscs or crustaceans, may get deposited on land. Some are known to have ended up on 
archaeological sites, as seen on San Miguel Island (Hockett 1998, 368), with their stomach and 
intestinal contents potentially introduced into the deposits through various agencies. 
 
2.4.2.4 Effects from other animals 
Interspecific aggression: 
Another natural agent that can cause fractures or changes in bone is the effect of interspecific 
aggression or conflict between animals (and humans), often of the same species. Such 
aggression is often associated with territorial behaviour and/or reproductive competition, for 
example occurring during mating fights. Consequently, it would tend to occur more often 
within wild animals, with conflicts discouraged and minimised out of necessity (to other 
animals and handlers) by herders for husbanded animals (Bartosiewicz and Gál 2008, 6). 
 Injuries from interspecific aggression have been identified in animal remains recovered 
from archaeological sites. Many present as healed in vivo lesions, showing the animal survived 
the trauma. One type of injury seen in males of certain species is fracture of the baculum (os 
penis)(Bartosiewicz 2000). Archaeological examples include healed fractures in walrus and 
cave bear bacula (Figure 2.33). 
                  
Figure 2.33: Cave bear bacula from Divje babe Cave I (Slovenia), showing healed fractures. 
These have resulted in misaligned (top) and misshapen bones (bottom) where the callus is 
clearly visible (Bartosiewicz and Gál 2008, Fig.3. Photo: Ivan Turk). 
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 This injury can occur in small mammals, though healed examples from dog are less 
likely due to the bone’s morphology in that species. The bone is grooved with the urethra lying 
within it, so any trauma is likely to rupture the soft tissue, often proving fatal (Bartosiewicz and 
Gál 2008, 10; 12). In other small animals examples of baculum fracture includes a single, 
fusiform healed break from a mustelid raised on a fur farm (Tasnádi-Kubacska 1955, cited by 
Bartosiewicz and Gál 2008, 11). 
 Other examples of interspecific aggression injuries include skull damage, seen in boars, 
rams, and deer stags (Figure 2.34), usually from clashing heads or antlers together during 
fighting, so not seen in smaller animals. But the same authors record damage to the facial and 
nasal area in dogs, which they attribute to dog-fighting (Bartosiewicz and Gál 2008, 7-8); a 
possible archaeological example is identified on c.3
rd
 century dog burials from the Egyptian 
cemetery of Ein Tirghi; though damage to the palate from bones splintering during gnawing is 
mentioned as an alternative cause (Churcher 1993). Fractured bones and trauma from biting 
could be present on other animals deliberately brought together by humans. Examples include 
hunting, while the ‘sports’ of bull- and bear-baiting are well-known in medieval England and 
recorded as having been practised since at least the 12
th
 century (Brownstein 1969, 237), while 
smaller animals were used for badger-baiting, the rat pit, and cock-fighting. However, the 
author has found no evidence for this in early prehistory. 
 
Figure 2.34: The skull of a prehistoric, mature red deer stag from Snolde (Denmark), with 
healed injuries in the supraorbital area (arrowed) that were most likely caused by fighting with 
another stag (Bartosiewicz and Gál 2008, Fig.1. Photo: Magnus Degerbøl). 
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Trampling: 
The changes induced into large mammal bone by trampling from hoofed animals has been 
shown to vary with bone freshness, with those that are whole and ‘green’ not fracturing as 
readily as those that are dry or weathered and degreased, which become brittle (Haynes 1983a, 
109;111). Trampling animals are also shown to kick bones several centimetres or more, with 
whole articulated carcases potentially moved several meters from their original location (ibid. 
109). In terms of altering bone appearance, trampling can mimic cut-marks, producing marks 
that are V-shaped or with a rounded base in cross-section. Furthermore, trampling can obscure 
existing cut-marks (Behrensmeyer et al. 1986, 769-770). However, recent experimental research 
by Dominguez-Rodrigo et al (2009) have used low microscopic examination (10x-40x) (Figure 
2.35) and multivariate analysis to provide more detailed analysis and description of the effects 
of trampling on bone. This suggested that characteristic marks comprise a broad, shallow 
groove to the bone (unlike cut marks that exhibit a V-shaped profile) that contains internal 
microstriations. 
 
 
Figure 2.35: Microscopic image of a bone from a trampling experiment. The bone exhibits a 
shallow groove that often curves, and which contains microstriations. Scale 500 microns 
(Dominguez-Rodrigo et al. 2009, Fig.5). 
 
 Small mammal bones are equally susceptible to damage from trampling and crushing, 
but the effects on bones such as those from medium-sized and smaller non-ungulates may differ 
from those of the larger herbivores, purely on account of their size. It has been noted that small 
mammal bones from occupation sites tend to be less complete or absent due to physical factors 
like trampling and crushing, though some smaller elements, including caudal vertebrae and 
phalanges more often survive intact (Price 2003, 33).  
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2.4.2.5 Effects from small mammals 
Rodents: 
Rodents can affect bone, with the most frequently seen modification being gnawing, which 
leaves a series of small parallel furrows on bone. This may be done prior to rodents digesting 
the bone, or simply during the process of keeping their large incisors at a reasonable length 
without being digested. The mechanism of rodent gnawing has been described in detail; the 
upper incisors are pressed into the material being gnawed (Moore 1981, cited by Haglund 1996, 
405), which leaves the lower jaw free to move forward and upward, and then down. In thick 
cortical or compact bone this creates the characteristic marks (Figure 2.36), though in 
cancellous bone or small bones like metapodia where the cortex is thin these striae may not 
occur (Haglund 1996b, 405).The end results of gnawing has been variously described as straight 
parallel grooves or windows (Johnson 1985), broad, flat-bottomed grooves (Shipman and Rose 
1983, 82), channels and striae (Bonnichsen 1979; Sorg 1985, both cited in Haglund 1996, 405). 
 
           
Figure 2.36: The mechanism of 
rodent gnawing. The upper incisors 
press into the material being 
gnawed, while the lower jaw gouges 
out the characteristic grooves. 
These overlap with repeated 
gnawing on the same area (Haglund 
1996b, Fig.1). 
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 The modifications created on bones by rodents gnawing include ‘pedestal phenomena’, 
described by Haglund (1996b, 405-407) in relation to the marks left on sub-adult human 
skeletons. This takes the form of a thin stem of gnawed bone connecting a long-bone shaft to its 
articular end (Figure 2.37), which is caused by rodents gnawing away the epiphyseal cartilages 
and adjacent areas (Haglund et al. 1988, 992). This differs from carnivore dog gnawing is that 
dogs will often completely gnaw away the end of a bone (Figure 2.38) (see 2.4.2.3 above). 
 
                       
Figure 2.37: ‘Pedestal phenomenon’ in a sub-adult human femur (top) and tibia (below), caused 
by rodents gnawing away the cartilage and surrounding areas (Haglund 1996b, Fig.2). 
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Figure 2.38: Femora  gnawed by rodents (left) and dog (right), showing the different gnawing 
patterns (Haglund et al. 1988, Fig.8). 
 
 Besides evidence for bone gnawing by ‘common’ rodent species such as squirrels 
(Rixson 1989 for 1988, 61), rats or mice, in other areas of the world there is documentation for 
damage to bone by larger rodents such as porcupine, as seen in caves (such as Tianyuan Cave) 
in South China. Even bones and teeth of larger mammals, such as hog badgers (Arctonyx 
collaris) and sika deer (Cervus nippon), have been chewed by porcupines and other rodents 
(Tong et al. 2008) (Figures 2.39 and 2.40). Porcupines are also known to collect bones (Hill 
1983, 87), potentially producing a mixed assemblage that could be mistaken for human activity. 
 
 
Figure 2.39: Deer mandibles of a) Arctonyx collaris and b, c) Cervus nippon chewed by 
porcupines and other rodents (Tong et al. 2008, Fig.3). 
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Figure 2.40: Left: Eland (Taurotragus) metacarpal gnawed by a porcupine on its proximal end 
(Binford 1984, Fig.3.1); Right: Bone chewed by porcupines (Scale 1mm) (Backwell and d’Errico 
2008, Fig.9). 
 
 Different rodent species have been shown to selectively gnaw dissimilar parts of bones, 
and with the bones in different conditions. Research by Klippel and Synstelien (2007) into 
North American brown rats and grey squirrels showed they had different bone gnawing 
preferences (Figure 2.41). The rats tended to modify cancellous bone that was fat-laden, to 
obtain dietary fats. Conversely, squirrels displayed a preference for gnawing thicker, defleshed 
bone cortices to obtain the mineral calcium phosphate, starting after the bone fats had leached 
away. This latter fact has been used within comparable temperate environments to provide a 
minimal estimate for human remains time-since-death. 
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 Some broad indication of the species that have gnawed a bone may be determined from 
the width of the occlusal surfaces of the upper incisors (Table 2.4), though it is the lower 
incisors that produce the furrowing usually seen on bone. The width and depth of marks is also 
affected by the hardness of the material being gnawed and the strength of the rodent (Haglund 
1996b, 412-413). 
 
Table 2.4: Widths of occlusal surfaces of upper rodent incisors (after Haglund 1996b, 
Table 2, 412). 
Size Dimensions Example of rodent genus 
Very small Less than 1 mm Voles, Mice, Lemmings 
Small 1 mm to 1.5 mm Rats 
Medium 1.5 to 2 mm Squirrels 
Large 2 mm to 5 mm Marmots 
Very large More than 5 mm Beaver, Porcupine, Capybara 
 
 Aside from rodents gnawing bones, there is evidence that some rodent species, like 
wood rats, can move small bones and so redistribute them. Research into the extent of such 
action identified vertical and horizontal movement of bones averaging between one and two 
metres, with horizontal movement reaching a maximum of five metres (Hoffman and Hays 
1987). 
a)  b) 
Figure 2.41: The effects of a) Brown 
rats and b) Grey squirrels on human 
bone (tibiae). While rats attack fresh 
fatty cancellous bone, squirrels prefer 
‘dry’ cortical bone (Klippel and 
Synstelien 2007, Figs.2 and 1). 
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2.4.2.6 Effects from birds 
Birds can affect smaller mammal bones, both in terms of potentially contributing to those 
deposited in assemblages on settlement sites and the changes produced on the bones themselves 
during prey capture, consumption, or digestion. The most likely avian predators are birds of 
prey, and various authors have described the effects of different raptors on mammal and bird 
bones, including species utilised and preferred elements (for example Bocheński 2005; Cochard 
2004; Hockett 1996). However, other bird species hunt smaller mammals too, with the prey size 
often determined by bird size. Examples include corvids such as raven (Corvus corax), which 
have been shown to hunt species such as squirrel, vole, rat and hare (Figure 2.42) (Laudet and 
Selva 2005). Smaller bird species include passerines like shrikes (so-called ‘butcher’ birds) that 
will kill small vertebrates and then impale them on thorns or barbed wire.  
 
 
Figure 2.42: Small mammal remains from raven pellets. Species consumed include vole (b), rat 
(a), and hare (d); (c) comprises ungulate vertebra fragments (Laudet and Selva 2005, Fig.2). 
 
 The size of mammal hunted will, to some extent, depend upon the size of each bird or 
raptor, and while species such as barn owls (Tyto alba) eat small rodents, larger raptors such as 
eagles will catch and eat fox, or even wolf. But raptor size also affects the nature and degree of 
changes to the bones, such as fragmentation, and while larger diurnal raptors like hawks and 
vultures cause significant amounts of bone destruction when consuming their prey, smaller 
species like owls cause relatively little bone damage (Hoffman 1988, 81-82). Research has also 
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shown variability in the extent of damage inflicted on bones by different species. Nocturnal 
raptors like owls ostensibly produce less damage to small mammal bones than diurnal raptors 
such as kestrel, which leave fewer complete postcranial bones from digestion or breakage 
(Mayhew 1977), and mammalian carnivores produce even more bone fragmentation. 
Recognition of these factors enabled analysis of a small mammal assemblage from Olduvai 
Gorge that comprised species that included hare, hedgehog, and various rodents (Andrews 
1983). 
 It is unfortunate that human occupation sites such as caves are often coincidentally the 
habitats favoured by species like bats or owls (Andrews 1990). The process of living, roosting 
or nesting inevitably means that they will import small fauna into the site to eat. Consequently, 
assemblages containing small mammal bones may have originated as bone remnants in faeces 
or in raptor pellets (Figure 2.43), which are the undigested, regurgitated remains of their prey 
that usually contain indigestible coarse items such as fur, hair, insect exoskeletons, small 
mammal bones and teeth, and botanical remnants like seed husks (Hoffman 1988, 81).  
 
 
Figure 2.43: Dissected Barn owl pellet, with remains of small rodents (left) and shrews (right) 
(McLelland 1991, p.29). 
 
 While there may be certain characteristic marks indicating their origin, such as on the 
skulls which are frequently broken, there may be little or no evidence on many of the long 
bones, which were probably swallowed whole within flesh. This can make it difficult to 
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confidently determine whether the remains originated from human activity or the action of other 
predators, though as with non-avian predators, any digested bones may exhibit corrosive 
damage to the bone surface, caused by gastric digestive juices. The size of raptor can affect the 
size of prey, in that while larger raptors may consume larger prey (Figure 2.44), smaller prey 
like micromammals can be eaten by both larger and smaller raptors. 
 
 
Figure 2.44: Bones from juvenile hare that have been digested by golden eagles (Aquila 
chrysaetos), leaving them with surface corrosion (Hockett 1996, Fig.1). 
 
 Several authors have noted the marked effect of raptor gastric juices on digested bones. 
For example, Lloveras et al (2009) have recorded the effects of digestion by eagle owl (Bubo 
bubo) on leporid bones (Figure 2.45), while DeCupere et al  (2008)  have noted the type of acid 
etching caused by the effect of gastric juices on the bones Euphrates jerboa (Allactaga 
euphratica) when eaten by the same species (Figure 2.46). However, the degree of corrosion 
produced by digestion of small mammal bones can vary with species. For example, 
classification of rabbit remains from pellets showed that remnants from Spanish Imperial Eagle 
(Aquila adalberti) were atypical compared with other raptors…“Compared with other diurnal 
birds of prey, the assemblages produced by this species appear to show a higher degree of 
breakage and corrosion from digestion…” (Lloveras et al. 2008b). 
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Figure 2.45: Rabbit remains showing the effects of digestion by eagle owls (Bubo bubo) 
(Lloveras, Lluís et al. 2009, Fig.9). 
 
                           
Figure 2.46: Acid etching on the tibia of a Euphrates jerboa (Allactaga euphratica) caused by 
the gastric juices of an eagle owl (De Cupere et al. 2008, Fig.5). 
 
 Various authors have examined the effects of different raptor species on the bones of 
leporids and other small mammals when compared to human utilisation. For example, Bicho et 
al (2006) examined the leporid bones from Picareiro Cave (Portugal), comparing the difference 
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in frequency values between those altered by raptors (eagles), and those altered by small 
carnivores and humans (Table 2.5) Their conclusion was that element abundance and 
modification varied between predators. 
 
Table 2.5: Comparison of frequency values within a leporid bone assemblage at Picareiro 
Cave (Bicho et al. 2006, Table 4): 
 Eagle nests 
Small carnivore 
accumulations 
Magdalenian foragers 
 at Picareiro Cave 
Head    
Mandible .23 .48 .66 
Maxilla .14 .58 .51 
    
Hind limb    
Innominate .60 .73 .99 
Femur .51 .67 .64 
Tibia 1.0 1.0 .63 
Calcaneus .95 .60 1.0 
    
Front limb    
Scapula .06 .19 .71 
Humerus .18 .33 .59 
Radius .22 .25 .85 
Ulna .19 .31 .81 
    
% Punctured .02 .24 .00 
 
 In North America, examination of leporid bones from the Vista and Two Ledges sites 
(Nevada) led Hockett (1991) to identify differences in species preference and distinguish 
between the type of resultant modification between humans and raptors. Humans at Vista 
showed a preference for adult leporids, producing bone fragments with cut-marks and burning 
(many of which were unidentifiable), and hare tibiae bone cylinders from bone marrow 
exploitation, similar to those from Picareiro Cave (Portugal). Conversely, raptors at Two Ledges 
seemingly favoured juvenile cottontail rabbit, leaving smaller fragments of predominantly 
juvenile and off-forelimb bones deposited in their pellets. Other bone fragments mainly 
comprised pelvic bones and femora with a ‘frayed’, irregular appearance created by shearing 
damage (Figure 2.47), as well as cylinders from rabbit tibiae diaphyses with talon or beak 
punctures on one side. 
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Figure 2.47: Rabbit bones from the Vista site (a), whose cylindrical shape suggests marrow 
exploitation, while those from Two Ledges (b) have been modified by raptors (Hockett 1991, 
Fig.1). 
 
Invertebrate agents: 
2.4.2.7 Effects from insects 
Certain invertebrates may also affect bone condition and deposition. A few insects, such as 
moths or their larvae, may eat bone tissue, leaving grooves in the surface (Behrensmeyer 1978), 
while others, such as termites, create ‘scratches’ round holes in bone (Figure 2.48).  
     
Figure 2.48: Left: Grooving on the horncore of a Grant’s gazelle, caused by larvae of the moth 
Tinea depardella (Behrensmeyer 1978, Fig.7). Right: ‘Scratches’ on bone from Olduvai Gorge 
caused by insects such as termites (Fernández-Jalvo et al. 1998, Fig.2b). 
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 Termites are also known to burrow into bones of the skull and pelvis, creating galleries. 
These also occur in bone marrow cavities, but particularly affect cancellous bone (West and 
Martin 1997, 89). Recent research in South Africa into the effect of termites on bird and ox 
bones (using actualistic experiments conducted with harvester termites (Trinervitermes 
trinervoides)) have shown that the insects can produce a variety of damage to bone, including 
edge gnawing, pitting and etching of the bone surface, star-shaped features (Figure 2.49), and 
‘clusters of microscopically visible sub-parallel striations’ (Backwell et al. 2012). 
 
 
Figure 2.49: The effect of termites on bone. Left: Surface pits with randomly oriented gnawing, 
Right: Star-shaped marks made up of individual striations arranged radially around a central 
cavity with a smooth wall (Backwell et al. 2012, Fig.9). 
 
 Other insects, such as dermestid beetles can leave large sub-circular, ragged-walled, 
pits, and sometimes grooves, in the bone surface of butyric (desiccated) carrion. These are 
pupation chambers (Figure 2.50) Bored by the larvae, and can indicate season of host death 
from local temperature variation (West and Martin 1997, 90-91). Other insects actually move 
bone, such as harvesting ants that live in Africa, Eurasia and the Americas, and there is evidence 
for them moving and eating flesh of micro-vertebrates like mice, rats, shrews, and lizards 
(Shipman and Walker 1980). 
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Figure 2.50: Dermestid beetle pupation chambers in a) a bison calcaneum b) In a bison horn 
core, with magnified view (West and Martin 1997, Fig.2;Fig.1). 
 
2.4.2.8 Earthworm activity 
It has been shown that earthworm activity can affect any archaeological deposits, unless the 
ground is extremely sandy, arid, or waterlogged (Stein 1983). Experimentation into the potential 
action of earthworms on the buried bones of small mammals (mice and voles) in a controlled 
environment clearly showed that these can be dispersed both vertically and horizontally within 
the soil horizon, with correlation between element size and depth of dispersal. Smaller-sized 
bones were displaced further than larger ones (Armour-Chelu and Andrews 1994, 437). The 
main species responsible for this action is the common earthworm (Lumbricus terrestris), whose 
activity can move small mammal bones considerable distances, at least 20cm horizontally in a 
smallish glass tank, causing admixing with bones and small objects from other sources and 
often resulting in the bones becoming broken and abraded (Figure 2.51) (Armour-Chelu and 
Andrews 1994). It has also been suggested that worms may leave tiny micro-perforations in 
bone, presumably created when soft tissues were still present (Brugal 2006, 53). 
 
a) 
b) 
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Figure 2.51: S.E.M. images of mouse and vole bones from an experiment into the effect of 
earthworm activity. Images a) b) and c) show bones that have suffered breakage, while 
abrasion is present on images a) e) and f). Image d) shows insect larva damage (Armour-Chelu 
and Andrews 1994, Fig.5). 
 
2.4.2.9 Effects from molluscs 
Other invertebrates that may produce surface changes on bone are molluscs. Brugal (2006, 52-
53) suggests that a series of fine furrows on the surface of a rabbit femur from the Upper 
Palaeolithic site of Anecrial Cave (Portugal) were due to the action of gastropods (Figure 2.52). 
Magnified under a microscope, these are shown to produce gouging in the bone surface, 
probably from the minute teeth on their radula, a ribbon-like ‘tongue’.  
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Figure 2.52: Bone gouged out of a leporid femur by gastropods. Left: Magnification x15 Right: 
Magnification x60 (Brugal 2006, Fig.5c;5d). 
 
Plants: 
2.4.2.10 Effects from plants 
In addition to the various effects inflicted on bone by fauna, bones may also be modified and 
damaged by plant action, the most obvious of which is root etching, which leaves sinuous 
hollows on the bone surface (Figure 2.53). Bone surfaces can also be altered by other flora, such 
as fungi, algae, bacteria, and lichens, which can leave localised corroded surfaces (Fernández-
Jalvo et al. 1998, 143). Algae create micro-tunnels in the bone, as do fungi, penetrating it deeply 
through histological features and causing homogeneous and superficial damage, with a 
subsequent loss of density on periosteal cortical surfaces. Conversely, the main traits associated 
with lichen are holes, fissures and cracks, as well as very light micro-tunnelling, though it does 
penetrate the cortical surface of the bone (Fernández-Jalvo et al. 2010, 70). 
 
                
a) 
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Figure 2.53: a) Root etching on a sheep mandible, created by acid in the roots b) enlarged view 
(Binford 1981, Figs.3.07;03.08) and c) Microscopic view of root acid etched bone (Scale 1mm) 
(Backwell and d’Errico 2008, Fig.9). 
 
 While such changes are more visible on bones of larger mammals, small mammal bones 
and teeth are not immune to such action. Examination of a rodent molar from a long-term 
actualistic experiment at Neuadd clearly showing the effect of invasive plant root vasculature, 
which created linear etching cutting into both surface enamel and underlying dentine, 
perforation extending through the enamel to the dentine, and even causing the surface enamel to 
split off (Figure 2.54) (Fernández-Jalvo et al. 2010). 
                              
Figure 2.54: Microphotograph of a rodent molar showing the effects of plant roots, a) Linear 
etching on tooth enamel b) Linear etching affecting the dentine with enamel split off and c) 
Complete perforation affecting enamel and dentine (Fernández-Jalvo et al. 2010, Fig.6.5). 
b) c) 
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 Even moss can have an effect, as seen at Anecriel Cave (Brugal 2006, 52), though with 
less impact than algae, creating characteristic edge rounding and small pitting, as well as thin 
micro-tunnelling, entering through histological traits. Thin bones such as immature compact 
bone and trabeculae can even be perforated or broken by it (Fernández-Jalvo et al. 2010, 70).  
 
2.4.3 Normal ‘anomalies’ 
One of the ‘hazards’ of starting to examine bones in greater detail is that normal anatomical 
variants and features are noticed for the first time, but may be misinterpreted as marks or 
modifications resulting from human activity. Examples include bird ulnae from a rock-shelter at 
Fontalès (France) that Welte (1996, cited by Mallye and Laroulandie 2004, 186) originally 
interpreted as ‘decorated’, with carved raised oval bosses. However, following re-examination, 
Mallye and Laroulandie (2004, 186) identified that while the arcs were genuine human 
decoration, the relief ‘pattern’ (bumps) was created by the line of anconal apophyses or 
processes; these normal features of bird ulnae (Figure 2.55) are tendon attachments that support 
the secondary flight feathers (Tumlison 2007).  
 
 
 
Figure 2.55: a) ‘Decorated’ bird ulnae from Fontalès (Mallye and Laroulandie 2004, Fig.1) b) 
Line of normal raised apophyses on a bird ulna. These support the secondary flight feathers 
(Tumlison 2007). 
a) 
b) 
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 Other misinterpreted anomalies include ‘butchery-marks’ seen on badger bones from 
the Magdalenian sites of Trou de Châleux and Trou des Nutons (Belgium). These longitudinal 
marks were situated on the proximal ends of long bones such as femora and humeri (Figure 
2.56). Though initially interpreted by Charles (1997, 266) and Charles (1998 cited in Mallye 
and Laroulandie 2004, 186) as cut-marks and considered evidence of badger consumption by 
the cave occupants, a later review of the evidence identified the marks as vascular fissures 
caused by blood vessels (Mallye and Laroulandie 2004). 
 
 
Figure 2.56: Badger femora and humeri with longitudinal ‘cut-marks’ (arrowed) that were later 
identified as being natural anomalies caused by blood vessels (Scale = 1cm) (Mallye and 
Laroulandie 2004, Fig.4). 
 
2.5 Cultural effects (C-transforms)  
While many bones are found during excavation of occupation sites, the presence of faunal 
remains in the vicinity of a habitation site is no guarantee that they were the result of human 
activity. The problem of reliably identifying cultural deposits is compounded by the fact that 
many medium- and small-sized mammals would naturally have lived within the same 
environment as people, maybe even scavenging food scraps in and around habitation sites or 
areas of human activity. Consequently, any natural casualties could inadvertently end up in 
settlement deposits through a range of taphonomic processes, either during site occupation or 
subsequent to it, yet without constituting an actual component of the cultural economy. 
Conversely, there is significantly less chance of larger wild species ‘accidentally’ being 
incorporated into settlement deposits. 
 There are a number of effects and factors that can clearly indicate that deposits were the 
result of cultural exploitation, or at least suggest they most probably caused by anthropogenic 
activity. These effectively may be the result of any human interaction with an animal, including 
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hunting, trapping, transportation, butchery, carcase processing for diet or raw materials, 
cooking, consumption, and/or discard. Surface modification arising from these activities may 
include evidence of hunting, such as remnants of projectiles, the effects of butchery practices, 
such as cut and chop marks or fragmentation from marrow exploitation, and evidence of 
cooking such as discoloration or burning. These will now be examined in turn.  
 
2.5.1 Hunting evidence:  Lithic fragments embedded in bones 
One unequivocal indication of cultural activity is the presence of whole or broken remains of 
lithic implements (such as projectiles, weapons or even knives) still embedded in the bones, or 
unhealed, healing or healed lesions resulting from such activity. Unfortunately such evidence is 
more common in larger species, such as red deer (see for example Noe-Nygaard 1975), than 
smaller ones. The evidence for this is discussed in more detail in Chapter 3 when considering 
hunting and trapping. 
 
2.5.2 Species or skeletal part abundance 
Exploitation may be identified in larger species from the relative skeletal part or species 
abundances on a site, though this is not always accurate and at times may lead to equivocal 
interpretation. For example, the presence of a greater proportion of higher meat utility elements 
at a site, which may have been recovered in preference to those of lower meat utility following a 
successful kill (for example Binford 1978; Perkins and Daly 1968, cited by Daly 1969, 149). It 
may be argued that meat may have been filleted off the bones at the kill site and no bones 
transported back to the settlement, but it is extremely unlikely that no bones at all would have 
been recovered, as many would have been subsequently used as raw materials for making tools 
and other artefacts. 
 Skeletal part or species abundances may also indicate exploitation of smaller species, 
particularly if a degree of specialisation was practised on a site. There are numerous sites where 
a particular species is more abundant, such as at Gazel Cave (Aude, France) where there was a 
predominance of Arctic Hare (Lepus timidus) (Fontana 2003), and Colomb Cave where in 
excess of 4,000 marmot bones were recovered. These constituted 99% of the faunal assemblage 
at the site, with many displaying butchery evidence (Tomé 2005b, 13). These sites are not 
unique, and there are other places where an abundance of a particular non-ungulate species is 
clearly indicative of deliberate, perhaps specialised, or seasonal, exploitation of such mammals. 
However, the possibility of natural disasters, such as floods, mudslides, volcanoes, or forest 
fires, cannot always be totally excluded. 
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2.5.3 Butchery 
The most obvious evidence for identifying hominin activity from animal bones (and one of the 
most frequently employed when determining smaller species’ exploitation) is the presence of 
bone modification from butchery. The utilisation of any animal for its primary products will 
involve one or more processes to obtain the required resource, whether solely comprising 
primary butchery during initial carcase dismemberment or with additional secondary butchery 
to further reduce the carcase into smaller, more manageable components for transportation, 
preservation, storage, cooking, consumption, or deposition; ritual or otherwise. The main 
primary products include hide, tendon, meat, offal, brain, fat, blood, bone, tooth, antler, horn, 
and marrow. Removing or modifying these can leave distinctive marks on adjacent, overlying or 
underlying bones, with the main butchery processes employed including skinning, filleting, 
jointing, disarticulation, decapitation, and breakage for brain, grease, and/or marrow extraction.  
 Exploitation of larger mammals (whether hunted or farmed) is usually detected because 
the actions and processes that humans inflicted on an animal carcase in the course of its 
dismemberment leave obvious physical evidence on the surviving bones or bone fragments. 
Even removal of useable resources such as tendons may leave cut marks, as often seen on horse 
phalanges (for example Münzel, S.C. and Conard, N.J. 2004, 232) and clearly indicative of 
cultural intervention. Unfortunately such indicators are often absent on the bones of smaller 
species due to their reduced size. Mammals the size of hares, for example, would not have 
required complex dismemberment for transportation back to the settlement, as one person could 
easily carry one or more whole. Even if selected parts of the animal were taken, only minimal 
traces, if any, may be left. Gutting (paunching), which was probably performed close to the kill 
site as it taints the meat after as little as four hours if left in situ (C. Clifford pers. comm.), could 
easily be done without any contact between a blade or flake, and bones. 
 Even skinning may only leave superficial traces on underlying bones of small or larger 
animals, dependent upon the area of hide removed and the species (personal experience shows 
that pelt removal varies in difficulty between species; for example squirrel are harder to skin 
than rabbit), while any further processing for food, such as jointing, is liable to be negligible due 
to the animals’ size and cooking method. Examination of a chicken carcase after Sunday lunch 
rarely shows any evidence of cut-marks on bone (even viewed microscopically) despite the bird 
being killed, drawn, plucked, having its distal legs and wings removed, being cooked, carved 
with a sharp knife, and then eaten with knife and fork. Even eating the leg as drumsticks rarely 
leaves any evidence, though tooth-marks could potentially be left on the bones, or part of the 
bone removed by biting. As with chicken, smaller mammals could have been cooked whole 
rather than jointed, with the cooked carcase then more likely to fall apart without further cutting, 
though any exposed bone ends could show signs of burning; of course it is also possible that 
some species could have been eaten raw. Finally, given the smaller size and bone dimensions of 
the species considered here, their bones are less liable to have been broken for marrow 
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extraction than those from larger species, while boiling for grease is even less likely, unless 
used in stocks or soups. Nevertheless, examples of marrow extraction do exist and could either 
reflect personal taste or preference, or were maybe fed to the young, old, and/or sick as an 
easily-swallowed, nutrient-rich, fatty food, or at times was necessitated by more dire 
circumstances. Whatever the reason, the end result is bones with only ephemeral evidence for 
how they were utilised. 
 
2.5.2.1 Skinning marks 
After hunting, skinning is the next main process that can produce cut-marks on bone, with the 
sites of such marks most likely to occur where underlying bone is superficial to the skin. There 
are several methods of skinning small mammals, with the type of mark left and its location 
determined by the skinning method. Case-skinning involves making a cut round the back legs 
and peeling the skin off like a glove, while for open skinning an incision is made along the 
ventral aspect of the abdomen and inner legs of the animal so the hide can be stretched out flat. 
In both instances cuts would be made round the face and cranium, such as seen on pine marten 
at Ringkloster (Figure 2.57), and may also include the lower legs, producing what is termed 
‘ringing’, though it is possible that foot bones may be left with the skin to facilitate handling 
and stretching the skin when tanning. 
 
 
Figure 2.57: Skinning marks on a pine marten skull from the Ertebølle site of Ringkloster 
(Andersen 1994-95, Fig.38). 
 
 Skinning marks round the lower leg shafts, and the lower skull and mandible margins 
are most likely to mimic tooth-marks (Binford 1981, 47). They are typically placed on the 
‘articulator surfaces’ of bones, with transverse marks fairly rare unless the result of skinning 
(Binford 1981, 169). 
 The remains of fossil hedgehogs (Erinaceus broomei) recovered from Olduvai Gorge 
(Tanzania) are believed to exhibit the oldest examples of cut-marks on small mammal bones. 
The mandibles were found in levels where Homo habilis remains were identified, with the 
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animals thought to have been hunted rather than scavenged. Cut-marks running obliquely to the 
bone (Figure 2.58) were sited near the anterior part of the mandible on the horizontal ramus in 
an area lacking muscle attachments, making it more likely that the cut-marks were linked to 
removing their spiny skin than defleshing. The cut-marks were also viewed using a high 
resolution microphotograph from a scanning electron microscope (SEM), with the scratches 
indicated by white arrows caused by trampling (Fernández-Jalvo et al. 1999, Fig.1). 
 
                    
                    
 
2.5.2.2 Filleting, chop-marks, and cut-marks 
After skinning, if the animal is for consumption the carcase will be processed to remove 
unwanted or low utility parts of the animal, or subdivided into smaller components (jointing) for 
Scale bar = 1 cm 
Figure 2.58: Cut-marks on the 
horizontal ramus of a fossil hedgehog 
mandible from Olduvai Gorge.  
a) Diagram showing the position of cut-
marks 
 
b) The white arrows indicate damage 
from trampling.  
 
 
c) The black arrow in the central image 
indicates the direction of cut , while the 
box outlines a V-shaped section through 
a cut (seen enlarged below) (Fernández-
Jalvo et al. 1999, Fig.1). 
b) 
a) 
c) 
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cooking or consumption. This essentially comprises flesh removal or may necessitate cutting 
through bone or joints, with the results of such modification variously producing filleting marks, 
cut- or chop-marks on the bones, particularly near the articular ends. Despite their size, such 
marks have been identified on the remains of smaller faunal species from archaeological sites, 
such as hare from Robin Hood Cave (Figure 2.59). 
 
 
Figure 2.59: Position and orientation of cut-marks on hare (Lepus timidus) skeletons from Robin 
Hood Cave (Charles et al. 1994, Fig.16). 
 
 Producing boneless, filleted meat, may leave a series of thin lines or ‘filleting marks’ on 
bone, while cutting through bone or joints will produce chop-marks from cleaving through 
bone, or cut marks. Cleave or chop-marks can be seen macroscopically with the naked eye or 
hand lens or with the aid of a microscope for higher resolution, with the latter also used to better 
identify cut-marks. By comparing the chop- and cut-marks on different animal species from 
different sites, such as on the marmot (Marmota marmota) bones from the Palaeolithic site of 
Grotte Colomb, should make it possible to identify cultural butchery patterns. 
 It may be difficult to differentiate between anthropogenically created cut-marks and 
tooth marks inflicted on bone by other predators. But it has been suggested that while tooth 
marks from animals tend to follow the bone surface contours, cut-marks tend not to and are less 
equal in pressure. 
 
2.5.2.3 Disarticulation evidence 
One possible method for identifying smaller mammal exploitation could be the identification of 
skeletal damage inflicted on a bone during processing or consumption. Examination of bird 
bones from French Palaeolithic cave sites resulted in Laroulandie (2005a) identifying a 
particular notched breakage pattern on the distal articular ends of Lagopus humeri (Figure 2.60), 
which she interpreted as the result of the joint being hyperextended and wrenched apart. 
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Subsequent experimentation on bird bones confirmed this theory by producing identical fracture 
patterns to those found on the Palaeolithic bones (Figure 2.61) (Laroulandie 2005a). 
 
 
 
Figure 2.60: Notches present in a) Snowy Owl (Nyctea scandiaca) radii from Combe Saunière 
and b) Lagopus sp. Humeri from La Vache (Laroulandie 2005a, Figs.3.5;3.4). 
 
 Such bone changes are less likely to result from N-transforms. Disarticulation by 
hydrological or geological effects would be more likely to cause superficial attrition of the bone, 
with disarticulation usually only occurring on decomposed or semi-decomposed bone after a 
period of time. Moreover, most mammal predators would chew the bone, causing more 
extensive damage, while avian predators or scavengers, such as raptors or corvids, would 
swallow it whole or pull it apart at the joint rather than hyperextending or twisting it. Therefore 
such extreme traumatic change to the distal humerus is more likely to be caused by forcible 
intrusion of an adjacent bone during the course of hyperextension, or result from avulsion injury 
caused by tearing ligament or tendon from bone. Consequently, these effects are most likely to 
exclusively result from human/hominin actions. 
a) 
b) 
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Figure 2.61: Damage on a Common Partridge (Perdix perdix) humerus produced by 
experimentation (Laroulandie 2005a, Fig.3.3). 
 
2.5.2.4 Peeling 
Another effect, which could show up on smaller mammal bones, is ‘peeling’, which is caused 
by fresh bone being peeled apart. It produces a distinctive pattern due to its fibrous nature, in the 
form of a roughened surface with parallel grooves that emanate from the fracture point. It has 
been seen on cannibalised human remains (White 1992, 140;143) and birds, such as snowy owl 
(Laroulandie 2005a, 25-26). 
 
2.5.2.5 Decapitation evidence 
Other indicators of human activity may be identified on smaller mammal bones. A large 
assemblage of nearly 4000 marmot bones was found on the Clayoquot Plateau and Mariner 
Mountain sites on Vancouver Island, which dated to 2600BP. Of the 11 skulls recovered only 
two were intact, with the other nine exhibiting cut marks on the premaxillary, frontal and nasal 
bones. However, all had been broken near the occipital suture line at the back of the head 
(Figure 2.62), with only six skulls still having occipital bone present. The tympanic bullae on 
seven of the skulls had been damaged, and interpreted as being consistent with being punctured 
by the pterygoid at the skull base when the head was snapped back and the throat severed for its 
removal (Valentin and Le Goff 1998, 22-24). Such butchery practices may be unique to smaller 
animal species, as the heads on larger mammals may be too heavy or cumbersome for such a 
practice, or the muscle attachment too strong. 
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Figure 2.62: Marmot skull facing (nose to left), with evidence of cut-marks on the maxilla 
(arrowed) and part of the occiput damaged during removal of the head (Valentin and Le Goff 
1998, Fig.12). 
 
2.5.2.5 Marrow extraction or grease rendering evidence 
Bones from large mammals may exhibit specific fracture patterns or fragmentation arising from 
procedures such as bone marrow extraction or grease rendering (Outram 2001), such as the 
presence of conchoidal flake scars from percussion on bones using hammerstones (Fisher Jr. 
1995) and rebound scars from where the bone was placed on a hard surface or ‘anvil’ for this 
purpose. This would be employed in order to break the bone open to extract marrow, with 
greater bone fragmentation employed for grease rendering. 
 Such scarring is less likely with smaller mammals given their reduced bone size and 
thinner bone walls, with fragmentation also less likely because of their size and the narrowness 
of marrow cavities within their bones. However, archaeological evidence for marrow extraction 
has been identified. Excavation at Picareiro Cave (Portugal) recovered a large quantity of rabbit 
bones (over 13,000 specimens from at least 271 individuals, representing the most common 
species at the site) (Bicho et al. 2006, 489-490), most of which were cranial elements or limb 
bones (Bicho et al. 2000, 503). Examination of the femora, tibiae and humeri within this 
assemblage showed that a significantly greater proportion of these (400) were merely shaft 
fragments (Figure 2.63), while only 12 were intact, suggesting systematic removal of marrow 
from the medullary cavity (Hockett and Bicho 2000, 719) by breaking or biting off both ends 
and then sucking out the marrow. While there is evidence that other predators may occasionally 
cause such bone modification the scale of its occurrence within the assemblage makes it 
extremely likely to be attributable to human action (Hockett and Bicho 2000, 720), especially 
given the evidence for hearths.  
 Nor is this an isolated example. Similar evidence has been found at other sites, 
including Hogup Cave (Utah) (Hockett 1994), and produced by the prehistoric inhabitants of the 
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Great Basin (North America). Ethnographic documentation and examples for such practices also 
exist, with peoples such as the Ache (Paraguay) recorded as biting off the articular ends of long 
bones to access the marrow (Jones 1983, cited by Hockett and Bicho 2000, 722). These 
archaeological and ethnographic examples (Stiner 2005, 93) suggest that this was common 
practice in many areas, both in the past and present. 
         
 In some places, there was apparently intensive processing of large mammal bones for 
marrow extraction and grease rendering, such as at Sandnes (Norse site, Greenland) where the 
degree of bone fragmentation suggests the inhabitants were nutritionally-stressed (Outram 
1999).  With small mammals bone fragmentation for grease rendering on such a scale is less 
likely, though broken bones could have been utilised for making broth or stock. 
 
2.5.2.6 Other processing: Grinding and pulverization 
Despite their size, smaller species may be processed before consumption, and there is both 
archaeological evidence and ethnographic accounts of small-animal pulverization, causing 
fragmentation of their bones. For example, the Cahuilla in southern California are recorded as 
grinding the bones of small mammals into a powder, which would then be mixed with other 
foods (Callen 1963). Similarly, Sparkman (1908, 198) mentions how the Luiseño (in the region 
of Orange County, California) would cook the meat of rabbit, jackrabbit and deer in earth ovens, 
and then pound the meat in a mortar. This could be stored for later or eaten immediately. 
Figure 2.63: Rabbit femora (top), 
tibiae (middle) and humeri (bottom) 
shaft cylinders recovered from 
hearth features in Picareiro Cave 
(Portugal), suggesting deliberate 
anthropogenic marrow extraction  
(Hockett and Bicho 2000, , Fig.3). 
2: Identifying exploitation: Taphonomic effects 
158 | P a g e  
Stewart (1942, 253, cited by Schroth 1996, 1967) records that the Ute, Goshute, and Southern 
Paiute ground rabbit bones and the vertebrae of large game, as well as feet, leg bones and joints; 
these were then added to gruels and ‘mushes’. These tribes and the north-western Navajo also 
pulverized roasted meats on a flat rock. Rats and mice too were pounded on a rock, before being 
cooked in a stew (Stewart 1942, cited in Schroth 1996, 67;70). Though it seems that everyone 
would eat small mammals processed this way, certain tribes specifically pulverized meat from 
large mammals and whole small mammals (including bones) for edentulous tribe members, 
including the Serrano, Luiseño, and Chemehuevi (Drucker 1937, 10, cited in Schroth 1996, 70). 
 
2.5.4 Cooking/heating evidence 
It has been suggested that cooking “…transforms an element from being a product of nature to 
one of culture…” (Lévi-Strauss 1969, cited by Koon et al. 2010, 62). Signs of heating or 
burning may be evident on parts of bones exposed during cooking, with temperature-related 
changes (Lyman 1994), though bones may also become burnt while being used as fuel, or when 
discarded into a fire. Cooking processes, such as boiling or roasting, destroy some of the 
organic material (collagen) within bone (Wing and Brown 1979, 108-109), increasing its 
brittleness and making it less resistant to breakage. Experimentation into the effects of burning 
on bone has been carried out by Stiner et al (1995). This not only identified the sequence of 
colour changes undergone by bone during burning to different degrees (Figure 2.64), but also 
examined the changes in mineralogical characteristics. This clearly showed the increased 
susceptibility of bone to subsequent fragmentation during events like trampling with each 
successive stage, with the result that burned bones from sites are generally smaller as they are 
more easily broken. Eventually, by the final calcined stage they may easily be turned to powder 
by processes like soil compaction or trampling (Stiner et al. 1995, 226). 
 
Figure 2.64: Left to right: Sequence of macroscopic colour changes on burned bones from 
unburned to calcined, starting with cream (0), through slightly burned grey bone, fully 
carbonised black bone, partly calcined bone, to white, powdery fully calcined bone (6) (Stiner et 
al. 1995, Fig.2). 
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 A relationship between burning and bone size has been identified on rock-shelter sites, 
such as at Riparo Mochi (Northern Italy) whose occupation spanned from 38kya to 8kya, with 
smaller bones (up to 1.2cm) more likely to exhibit damage and evidence of burning (Kuhn and 
Stiner 1992, cited by Stiner et al. 1995). Though while most were fully carbonised, or nearly so, 
calcined bones were almost absent. This was true for all the Middle to Upper Palaeolithic cave 
sites examined (Stiner et al. 1995, 224). 
 Yet while such colour change is a good indicator of cooking or burning, it is possible 
for bones to be cooked without exhibiting any overt change in colour. Recently developed 
techniques have created alternative methods of identifying heated bone. For example, the use of 
biochemical methods combined with Transmission Electron Microscopy (T.E.M.) has been used 
to differentiate between cooked and uncooked bone, by examining bone protein to identify 
changes to mineralized collagen fibrils, which apparently readily develops minor damage 
(Figure 2.65) (Koon et al. 2003, 1393). An advantage is that this method detects changes from 
exposure to low temperatures, when bone would have been cooked, but yet does not exhibit 
evidence of thermal alteration, such as colour change, warping or cracking. However, buried 
bone can exhibit similar changes under certain environmental conditions and time period (Koon 
et al. 2003, 1396-1397). 
 
 
Figure 2.65: TEM image of heated collagen fibrils, showing A) Unheated collagen B) Heated, 
beaded fibril C) Heated, dumbbell shaped fibril, and D) Probable denatured collagen fibril (Koon 
et al. 2003, Fig.1). 
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 A further, little recorded, use of fire is for skinning. It has been noted that some tribes 
use fire today to skin animals such as hedgehog, which could help explain the absence of cut-
marks on the bones of microfauna that were eaten in the past (Fernández-Jalvo et al. 1999, 588). 
 
2.5.5 Consumption 
It is occasionally possible to identify actual hominin consumption of smaller fauna, by either the 
presence of tooth-marks or surface changes on bone, or coprolite evidence. 
 
2.5.5.1 Hominin toothmarks on bone 
Evidence for human consumption of a species occasionally survives in the form of tooth-marks 
on animal and even human bone (for example White 1992). Research has shown that, as with 
other carnivores, human chewing and consumption of animal bones may produce bone 
modification. As with other mammals these effects include crushing (Figure 2.66), pitting, 
scoring, crenulated or fractured edges, and punctures (Figure 2.67); when examined using a 
scanning electron microscope (S.E.M.) it is possible to detect these toothmarks (Landt 2007). 
 
       
Figure 2.66: SEM image (x20) of 
the ventral process of a pouched rat 
vertebra, showing anthropogenically 
inflicted crushing of one margin 
(Landt 2007, Fig.1). 
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Figure 2.67:a) SEM image (x20) of a giant pouched rat pelvis, showing pitting caused by the 
teeth of a Bofi forager from Central Africa (Landt 2007, Fig.2A); b) Hominid toothmarks on a 
bushbuck (Tragelaphus) metacarpus (Binford 1984, Fig.4.24). 
 
 Ethnographic evidence certainly exists for groups, such as the Hottentots, chewing 
bones and removing bone articular ends in the process (Brain 1981, 17-18),  so leaving ragged 
bone ends similar to that of carnivore action. Consequently, differentiating between animal and 
human chewing on bone can be difficult and no diagnostic criteria have been established to 
facilitate this. But comparison between patterning on lagomorph bones at Mancos (Colorado) 
has lead White (1992, 334) to suggest that the type and level of damage inflicted may suggest 
canid or hominin action. He noted that some cottontail rabbit bones from the site had their ends 
completely chewed off, some lacked part of one femoral condyle, while another was only 
burned. Other distal femora exhibited shallow tooth punctures or were intact with no damage. 
He contends that canid chewing would destroy a significant portion of such a small, fragile 
bone, while human chewing would produce more precise, localised damage (White 1992, 334). 
 Experimentation with leporid bones has further identified the type of changes produced 
by human consumption. One study by Lloveras et al (2009) researched the effects produced by 
butchery, cooking, and consumption on rabbit bones, including the appearance of human 
gnawing marks (Figure 2.68). Their results concluded that 21.2% of bones were tooth-marked 
from eating meat cooked on the bones, with the most common indicators being scoring and 
tooth pits on long bone diaphyses, while rib, pelvic and long bone epiphyses seemed more 
susceptible to crenulated edges . 
 
a) 
b) 
2: Identifying exploitation: Taphonomic effects 
162 | P a g e  
 
Figure 2.68: The effects of human gnawing on rabbit bones: 1) Crenulated edges 2) Scoring 
and crenulated edges (Lloveras, Lluis et al. 2009, Fig.10). 
 
 Another actualistic study by Pérez Ripoll (2005) examined the morphology of human 
bites on rabbit bones. For this a number of rabbits were processed, with the femora, tibiae and 
humeri were bitten near their articular ends (Figure 2.69), and the scapulae neck bitten. 
 
     
 
2.5.5.2 Digested bones 
The effects of human digestion may also be seen on small mammals’ bones that have passed 
through the intestine, and as with animals the effect they leave is similar (see 2.4.2.1). The 
action of gastric digestive juices (essentially comprising weak hydrochloric acid) on bone 
corrodes the surface to greater or lesser extent (Figure 2.70); though differentiating those 
digested by animals from those digested by humans may be problematic. 
Figure 2.69: Femur and tibia from the 
experiment, showing the effects of 
human biting: 
 
a) Tooth marks 
b) Bite notch on the fractured edge 
c) Wide notch caused by percussion  
d) Percussion fracture 
e) Resultant shaft 
(Pérez Ripoll 2005, Fig.2). 
a) 
b) 
c) 
e) 
d) 
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Figure 2.70: The effects of possible human gastric juices on small mammal bone. A distal 
humerus with heavy corrosion caused by digestion on the epiphysis (Fernández et al. 2011, 
Fig.4). 
 
2.5.5.3 Coprolites 
A more reliable method of differentiation is when the bones are found within human coprolites, 
providing direct evidence for the consumption of smaller species, though unfortunately the 
various taphonomic processes that bias the survival of bone generally also preclude the survival, 
and so the recovery, of human coprolites. One important factor in survival is the post–
depositional environment so most coprolites, whether human or animal, are recovered from arid, 
protected sites. Differentiation between human and non-human coprolites may be made from 
their size and morphology. For example, those of certain large carnivores have a hard external 
coating formed from dried intestinal mucus, secreted to minimise the risk of bowel wall 
perforation from sharp fragments of bone. However, identification is not always 
straightforward, especially with fragmented or crushed samples, but human coprolites may also 
be identified during chemical reconstitution as they exhibit certain specific characteristics such 
as colour, smell and content (Bryant Jr. 1974, 410).  Examination of the faecal contents may 
also indicate the species of origin; useful as intestinal tract chemistry is an important 
contributory factor regarding the different effects on bone (Reinhard et al. 2007, 417). Research 
into the effects of digestion on molar teeth shows the degree of damage inflicted differs between 
predators, ranging from moderate to extremely severe (Andrews 1990, 67).  
 Some mammalian bones may be totally digested when consumed, as demonstrated by 
an experiment into the effect of human digestion on micromammal bones, to try to differentiate 
between mammal bones arising in archaeological assemblages from carnivore scats and those 
due to human agency (Crandall and Stahl 1995). A Northern short-tailed shrew (Blarina 
brevicauda) obtained by trapping, was skinned, gutted, lightly boiled for a couple of minutes, 
portioned into head, body, tail, fore- and hind-limb sections, and then swallowed without 
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chewing. In addition, corn and sesame seeds were swallowed several hours before and after the 
shrew to act as markers for faecal collection. Recovery of digested bones involved collection of 
faeces for three days following consumption of the shrew. These were disintegrated in a pan of 
warm water, sieved, and the residue rinsed in detergent solution. The recovered bones were 
examined using a hand lens, with selected specimens examined using scanning electron 
microscopy. The relative abundance of recovered elements varied from 0.03% to 100% (Table 
2.6), with caudal vertebrae seemingly the fewest elements recovered. Resultant damage 
included cracking of tooth enamel with erosion of underlying dentine, while the bones showed 
superficial erosion of some elements due to the effects of gastric juices, and others had become 
misshapen (Figure 2.71) during transit or processing. They conclusion was “…the digestive 
systems of mammalian predators, in this particular case humans, appear to severely destroy and 
weaken the bones of small prey items, even when swallowed relatively intact…” (Crandall and 
Stahl 1995, 795-796). 
 
 
Table 2.6: Table indicating the number of elements recovered and their relative 
abundance (Crandall and Stahl 1995, Table 1). 
Element 
Number 
recovered 
Number in skeleton (Based on 
Gilbert 1990, 111) 
Relative abundance 
(%) 
Maxillae 2 2 100 
Cranial fragment 1 - - 
Mandible 1 2 50 
Molar 4 12 33 
Humerus 2 2 100 
Ulna 2 2 100 
Tibio-fibula 1 2 50 
Calcaneum 1 2 50 
Metapodium 5 20 25 
Phalange 8 56 14 
Vertebra - cervical 1 7 14.3 
Vertebra (non-caudal) 1 Range of 29-33 0.03 
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Figure 2.71: S.E.M. micrograph showing remnants of unchewed, human-digested shrew bones: 
Left: proximal humerus damaged by gastric secretions. Right: a damaged tibio-fibula (Crandall 
and Stahl 1995, Figs.8;10). 
 
 Despite such potential damage, coprolites recovered from archaeological deposits can 
provide invaluable insights into prehistoric economies and practices, and confirm that humans 
ate smaller mammals. Examples include over 1,000 coprolites recovered from a latrine area in 
Hinds Cave (Texas) that date from 9,260 6 170 cal. B.P., and are shown to contain remains of 
packrats (Neotoma sp.), cotton rats (Sigmodon sp), squirrel (Citellus), cottontail rabbit 
(Sylvilagus audobonii), sheep and pronghorn antelope (Poinar et al. 2001, 4321). Further 
examination of the human coprolites found that one contained a fragment of dog skull (with the 
species confirmed by DNA analysis), indicating that dog was also eaten (Figure 2.72) (Tito et 
al. 2011). One of the most comprehensive studies of the subject was carried out by Sobilik 
(1993), who examined evidence for consumption of small mammals, birds, and reptiles from 
their undigested remains in human coprolites. The data, gathered from a number of sites in the 
American Southwest (Table 2.7) including Salts Cave, Hinds Cave, and Dust Devil Cave, and 
sites around Chaco Canyon (Sobolik 1993, Table 1), unequivocally indicate that a diverse range 
of species was eaten.  
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 Furthermore, analysis of small mammal bones contained in coprolites recovered from 
two of these Archaic hunter-gatherer sites have enabled identification of seasonal use. They 
show that the first site, Dust Devil Cave on the Colorado Plateau, was used for winter 
habitation, while Hinds Cave, a site in the lower Pecos of Texas, was seemingly occupied 
during warm seasons. Comparison between the two sites clearly indicated regional and seasonal 
variation in examination of food preparation methods, and provided an indication of the relative 
important of small animals in the occupants’ diet (Reinhard et al. 2007). Other examples 
include palaeofaeces from Tehuacán Valley (Mexico), which showed that rodents were eaten 
(Callen 1963), and Antelope House (Arizona), an Anasazi site, where coprolite analysis showed 
that cat, dog and rabbit were food items, with the latter usually eaten combined with pronghorn 
antelope and sometimes corn. Positive results also included guinea pig, which probably 
represented squirrel or perhaps porcupine (Sutton and Reinhard 1995, 748). 
 
Figure 2.72: Left: Human coprolites from 
Hinds Cave (Texas) which contained the 
bones of smaller species such squirrel, 
rats and rabbit (Poinar et al. 2001, 
Fig.1). 
 
Below: Fragment of dog skull (occipital 
condyle) found in a human coprolite 
(Than 2011, Photo: Samuel Belknap). 
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Table 2.7: Small vertebrate bones and fur recovered from coprolites found in certain North 
American sites (Sobolik 1993, Table 2, 57). 
 
  
 Besides bone, identification of hairs within coprolites can also give an insight into the 
species being eaten. Soaking hairs in trisodium phosphate enables the medulla pattern of the 
hair to be seen clearly, and a combination of this pattern and cortex width measurement can 
enable animal genera to be identified. In some instances using these factors can even identify 
species, such as differentiating between Mexican cottontail (Sylvilagus cunicularis) and 
Audubon cottontail (Sylvilagus audubonii) rabbit remains in coprolites recovered from the 
Ocampo Caves (Tamaulipas, Mexico) (Callen 1969). But while coprolite analysis can provide 
direct evidence of diet it is not without its limitations. Aside from preservation and recovery 
issues, the most obvious of these is that it underestimates the larger dietary components. The 
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other disadvantage is that it does not provide any indication for those animals that were utilised 
exclusively for other resources, such as hide (Sobolik 1994, 7), unless hair is ingested. 
 
2.5.6 Other human action 
A more sinister type of fracture trauma has been noted by Baker and Brothwell (1980) who 
recorded a number of healed head injuries to dogs. These occurred around the rim of the orbits 
and on the dorsal aspect of the cranium in a seemingly non-random distribution, and were 
identified in dogs from the Neolithic to the Roman Period (Figure 2.73). The authors attributed 
these injuries to beating or kicking of the animals by humans. While the dogs they described 
were from later periods such injuries could potentially have been inflicted on dogs by humans at 
any time when domesticated, though if used for hunting large prey these could equally have 
caused similar facial or cranial trauma by kicking.  
                 
Figure 2.73: Skull injuries to Bronze Age and Migration Period dogs, from (left) Kamid el Loz 
(Lebanon) and Kupeszér (Hungary) (Bökönyi 1984, cited in Bartosiewicz and Gál 2008, Fig.7). 
 
2.5.7 Recent modifications 
Lastly, there are the recent anthropogenic marks or effects accidentally introduced in the course 
of archaeological excavation or subsequent artefact processing. These include those created by 
trowel damage, which may appear to resemble cut- or chop-marks if hit by the side of the 
trowel, but which have a paler, fresher surface than older damaged or fractured bone. Shipman 
(1981), and Villa and d’Errico (2001, 81) have recorded ‘preparators’ marks’ on bone tools, 
which took the form of striations (single and grouped) that were the result of post-excavation 
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cleaning of bone surfaces with metal implements, and even over-rigorous cleaning of softer 
bone with a toothbrush can leave surface striations. 
 
2.6 Conclusion 
All bones are susceptible to the various taphonomic processes, but the extent and nature of this 
impact can vary according to the size and robustness of bones, as well as the usual range of 
contributory factors. This chapter has specifically focussed on the potential taphonomic impact  
on smaller mammal remains or small-sized bone, and while it may be seen that all bones are 
affected, those that are smaller are often more vulnerable to such factors. Due to their size it is 
these smaller elements that are less likely to be recovered during excavation, they are more 
likely to have been consumed by scavengers, and more likely to be trampled, or suffer the 
effects of weathering sooner. While some of these processes leave surface changes on bone that 
are clearly identifiable as being specifically cultural or non-cultural in origin there are others 
that are more ambiguous. For example, the marks left on gazelle horncores by moths (Figure 
2.48) bear some resemblance to cut-marks and gnawing, and could easily be confused, 
particularly to the less experienced. Identifying surface modification on bone is a subjective 
process, and even ‘experts’ can disagree.  
 Although much research and experimentation has been done on taphonomy over the last 
few decades there still remains much more to do, particularly for smaller species. Equifinality 
will probably always remain a potential problem; both at present and in the foreseeable future 
until techniques to elucidate between the traces left by animal and human agents improve to the 
point of being infallible. However, the current situation is that despite the plethora of research 
into the subject it is not always possible to differentiate between human and animal deposits, for 
some of the traces and ‘signatures’ created by our behaviour is indistinguishable from theirs. 
But it is necessary to be aware of the range of effects produced, and the factors that are known 
and empirically proven to create such bone modification. 
 
 This chapter provides a useful summary of the effects of different taphonomic factors 
on bone in order to better identify human utilisation of fauna from their remains. The next 
section considers the reasons why small mammals may have been exploited in the past, and for 
what resources. As there are no extant hunter-gatherers in Europe it examines the archaeological 
and ethnographic evidence for such utilisation. The next chapter starts this investigation into 
small mammal exploitation by examining the methods and materials used to hunt or trap small 
mammals, which may in turn indicate any resultant osteological changes that could help detect 
this activity or provide clues as to what characteristics to look out for on archaeological 
samples.  
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CHAPTER 3 
 
 
 PREY ACQUISITION: HUNTING AND TRAPPING. 
 
There are various methods that prehistoric people possibly used to harvest smaller mammals, 
and current debates and issues surround the relationship between behavioural and anatomical 
modernity, and hominin ability to perform deliberately focussed and structured hunting as 
opposed to merely scavenging (Bricker et al. 1993, 2-3), as a permanent subsistence strategy. 
Some authors suggest that early hominins relied on scavenging carcases to acquire meat (Isaac 
1971; Reynolds 2000), while others disagree, and the debate as to whether they scavenged 
carcases or hunted live prey continues (Domínguez-Rodrigo 2002). While any hominins could 
have resorted to scavenging at some time (indeed the practice even continues in Britain today 
with some utilisation of road-kill) the focus here is on deliberate, pro-active acquisition of small 
game, rather than random recovery of other predators’ kills. This chapter therefore examines the 
existing archaeological evidence for any indication of the methods by which smaller mammals 
were acquired as prey in Western Europe, and the nature of this. This is followed by an 
examination of ethnographic and ethnohistoric sources for an outline of practices employed by 
different societies in different regions, to provide an indication of the methods potentially 
available to prehistoric hunters and the material culture employed for these purposes. Finally, it 
considers relevant theoretical constructs applicable to acquiring small prey. 
 
3.1 Hunting and trapping 
It is first necessary to define what is meant by hunting and trapping, and to consider the range of 
potential techniques within these categories. Hunting may be defined as “…the action or 
practice of chasing, pursuing or searching for game or other wild animals…”, either for 
subsistence, sport, or more latterly, profit; while trapping is defined as using “…a contrivance 
set for catching game or noxious animals; a gin, snare, pitfall …” (Oxford English Dictionary 
2008). For the purpose of this chapter, the disciplines of hunting and trapping are differentiated 
and contextualised by the nature of each activity and apparatus used. Whereas hunting is seen as 
constituting an active event employing equipment such as spears or projectiles, trapping and 
snaring are taken to be more passive forms of prey acquisition. These would require the setting 
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up of one or more devices of varying design or construction that are then left unattended in situ 
for a period of time by the hunter, who then returns to them at a later stage to examine whether 
he or she has been successful. 
 While prehistoric people could have hunted for sport, hunting or trapping of fauna 
would have been necessary for daily subsistence and/or raw materials. As with any hunter-
gather society it is likely that prehistoric hunting methods were dictated by cultural traditions 
and preferences, with technological developments and innovations often giving rise to changes 
in temporal and spatial variation in methods and practices. Such changes could have been 
developed endogenously within a society or resulted from external influences and interaction 
with other peoples. The ultimate choice of hunting method would consequently have been 
dictated by factors like the current level of technology and availability of materials for 
weaponry, the type of prey sought and its population density, while other factors contributing to 
successful hunting would include the hunter’s ability, technical level and skill, not to mention 
luck on the day!  
 Prey procurement could have involved using expediency materials like rocks or sticks 
that were readily to hand at the time, or necessitated the use of specialised equipment made 
beforehand, such as bows, spears, nets and lithic points; suitable lithic material may even have 
been sourced non-locally or obtained through exchange. It is possible that ‘ropes’ or ladders 
were used for hunting arboreal or semi-arboreal species. While no such items have been 
recovered archaeologically and there is no direct proof that these were used to catch smaller 
mammals, there is Mesolithic rock art evidence for their use when collecting honey at sites like 
Barranc Fondo and Cuevas de la Araña (Spain) (Figure 3.1) (Crane 1999), so such methods may 
have been employed to collect young squirrels or martens, birds or eggs, or to hunt arboreal 
animals at closer range. 
 
             
Figure 3.1: Rock art from 
Cuevas de la Araña (Valencia, 
Spain), created c.15,000 years 
ago, interpreted as depicting a 
figure on a ladder collecting 
honey (Hajar 2002, Fig.1). 
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 In addition to the aforementioned factors, prey choice would have been influenced by 
species availability, ease of capture, and personal preferences, with cultural dictates also 
probably defining what constituted ‘acceptable’ prey and what was taboo, though these criteria 
are much harder to identify archaeologically. It is possible that the techniques employed varied 
with animal size or species required, but would equally have depended on hunting strategy; 
whether any animal crossing the hunters’ path was considered game or if certain species were 
specifically targeted for their meat or pelt qualities. Consequently, hunting or trapping may have 
been undertaken in a range of forms using a variety of technology or weaponry. Given that there 
is no current evidence for early prehistoric societies riding animals
7
 or using wheeled 
conveyances, most hunting activities would have taken place on foot, though vehicles like boats 
may have been used occasionally. 
 The species hunted would influence the procurement method. For example, slow 
moving species like porcupine could be easily obtained with a rock or wooden club, but while 
providing a good source of protein were seemingly not as tasty as other species (Frison 1991, 
263). North American lagomorphs like jackrabbit, cottontail rabbit and snowshoe hare were 
apparently fairly easy to obtain and often contributed a useful amount of meat to tribal 
subsistence, but necessitated different acquisition strategies. Evidence shows that during the 
Late Prehistoric and protohistoric periods at least, Shoshonean groups in the Green River Basin 
would commonly trap cottontail rabbit, but employ nets for jackrabbit drives (Frison 1991, 
264). The chosen procurement method usually reflects the ecology of the prey. Rabbits tend to 
live in burrows, in groups within warrens, and so would be more easily obtained by trapping 
individual or several animals when they emerged from them. Conversely, jackrabbits and hares 
tend to be solitary, living above ground and emerging from hiding in the evening or at dusk, so 
making them more suitable for acquisition by communal net drives or using bows and arrows. 
 The problem with trying to identify prey acquisition methods archaeologically is the 
perennial issue of preservation, or rather, the lack of it. While the presence of bones on sites 
(preservation and recovery methods permitting) evidently shows that smaller mammals were 
acquired by some means, the poor survival of organic remains, especially in temperate Europe, 
means there is often little indication of the methods employed. Most devices for hunting or 
trapping animals would have utilised, or been crafted from, organic materials and without their 
preservation or written records much information has been lost. Examining contemporary non-
European ethnographic and ethnohistoric sources provides a useful indication of how other 
                                                     
7
 There have been suggestions that osteological injuries and changes on Neanderthal bones, such as 
trauma to the head and neck, have parallels with modern rodeo riders (Berger and Trinkaus 1995), leading 
to debates as to whether they derived from a comparable activity. However, the authors concluded that 
most likely cause of the trauma was close-quarter ambush hunting large prey animal on foot, as was 
necessary for the weapons being used. Further research now suggests a wider range of causes for these 
injuries, including interpersonal violence, with injuries not exclusive to Neanderthals (Trinkaus 2012). 
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hunter-gatherer societies hunt and trap small mammals, though there is, of course, no guarantee 
that prehistoric European hunter-gatherers employed the same methods. The next sections 
examine ethnographic and ethnohistoric evidence, and archaeological evidence from Europe. 
 
3.2 Ethnographic and ethnohistoric examples of hunting practices 
outside Europe 
Unfortunately there are no hunter-gatherers in temperate zones today, so we have no 
comparable analogue for possible European practices in prehistory. One means of trying to 
ascertain, or understand, the range of hunting and trapping methods potentially used by early 
prehistoric hunters is to examine contemporary ethnography and more recently-documented 
ethnohistoric accounts. A vast amount of information has been written about the subject or 
televised in recent years, so only a few representative examples are included here, rather than an 
exhaustive inventory. While such analogy has to be used with care this is a useful way of 
indicating the available hunting methods that could feasibly have been employed in prehistory; 
it could even inform archaeology how these techniques could best be identified. 
 It must also be remembered that ethnographic examples of hunting methods and 
technology may be the culmination of a long, well-practised, tradition of acquiring food using 
such techniques, and may only have been reached following much trial and error. Furthermore, 
methods may have changed over time according to local habitat and available species, cultural 
traditions, or external contacts. When considering hunting practices by prehistoric people they 
may be at a ‘simpler’ stage of hunting technology, depending upon the time period being 
examined. Conversely, even without the advantage of modern innovations their hunting skills 
may have been superior to ‘traditional’ methods used today, or they could have employed 
techniques that are now obsolete; each culture/society may have had its own unique techniques 
and practices.  
 
3.2.1 Hunting artefacts and practices 
A good indication of the range of different hunting practices and types of weapons employed by 
various contemporary ethnographic and ethnohistoric groups is shown from Churchill’s (1993) 
study. He examined 96 ethnographic groups from the Arctic to equatorial Oceania (excluding 
Europe as none existed) comparing their weapons, prey choices (such as size and species of 
animal), hunting styles and strategies, such as ambush, stalking, or pursuit. In some instances 
the type of weapon and method chosen often seem adapted to type of prey, whereas some 
weapons seem generic and used for any game. 
 It is suggested that hunters can expect to make a kill using a spear or bow and arrows 
from similar distances, with the effective range for a spear being 8-18m, and 9-25m for 
traditional bow and arrow (Lombard and Phillipson 2010, 639). This similarity in distance 
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between the two has led to suggestions that the initial advantage of bow and arrows over spears 
may have been their compactness, portability (enabling prey to be followed through areas with 
heavy vegetation and over longer distances), and facility with which multiple shots could be 
fired off at prey. As such, it may be seen as a ‘niche-broadening’ technology, both decreasing 
risks associated with hunting large game while also increasing returns of faster-moving prey, 
such as birds, fish, and especially small mammals (Sisk and Shea 2009). However, it is not 
always possible to separate the two categories. In Venezuela, terrestrial game birds are hunted 
using bows and arrows, yet rabbits and lizards are killed with the same arrows employed as 
hand-held spears (Greaves 1997). 
 
A. Hand-held weapons  
3.2.1.1 Thrust weapons 
There are various ethnographic examples of hunting using spears (also called lances) that are 
thrust rather than thrown, such as by the Eskimos at St. Lawrence, King and Diomede islands, 
who lance walrus when they are hauled out on a shore or ice floe (Collins 1940, 141). Other 
modern examples include Siberian hunters and fishermen, who hunt walrus when the animals 
are beached. Their method of killing a walrus is to approach it from its caudal end, out of the 
reach of its mouth, then thrusting the spear forcefully into the animal behind the rib cage, 
directing it cranially. Modern Eskimos, when hunting seals with a harpoon, patiently wait by a 
blowhole in the ice for a seal to surface for air, and then kill it by thrusting the harpoon into it 
rather than throwing it. This practice is not restricted to marine mammals. There are records of 
hunters ‘trapping’ bears in their dens while they are hibernating (Churchill 1993, 17), and the 
same author also mentions ambushing smaller game with thrusting spears, though does not 
define which species this includes.  
 
B. Thrown projectiles 
Using projectiles is one of the most obvious methods of hunting animals, and may be made of 
one or more materials such as stone, bone, antler, ivory, or wood. Projectiles may be considered 
as ‘launched weapons’ used for hunting or warfare (Knecht 1997, 3), with thrown, shot, or fired 
projectiles being weapons that could injure or ‘kill at a distance’ (Binford 1984, cited by 
Churchill 1993, 11). The range of technologies used by prehistoric and modern hunters include 
slingshots, boomerangs, and bolas, though there is geographical variation in their use, while 
projectiles such as arrow points of varying designs fired from bows have been identified from 
the European late Palaeolithic and Mesolithic at sites like Stellmoor (c.10,500 BP) (Churchill 
1993, 15), and ethnographically. Historic accounts and photographs from North America 
provide clear evidence of utilising such weapons for hunting rabbits and other prey (Figure 3.2). 
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3.2.1.2 Sticks 
One of the ‘simplest’ forms of hunting weapon that may have been used was a wooden 
throwing stick (Figure 3.3), which could be thrown to injure and kill an animal, or merely 
hinder it, giving the hunter an added advantage. Evidence for this comes from archaeological 
sources and ethnohistoric accounts, which show that throwing sticks usually had one handle-
shaped end, were usually curved to greater or lesser extent, and often decorated (Pitt Rivers 
Museum). Schmidt (1999, 104) mentions that in the American Southwest sticks were also used 
to extract rabbits from their burrows, with the animals valued for their fur as well as their meat. 
 
 
Figure 3.2: Photograph  taken c.1900, showing hunters from Oraibi with rabbit sticks, bows and 
arrows (Koerper 1998, Fig.11). 
 
 The shape of such sticks varies. While some are relatively straight, others are more 
curved. Tuohy (2002) describes the discovery of various ‘rabbit clubs’ and curved boomerangs 
from Fish Cave and Lovelock Cave (North America) (Figure 3.4) in Nevada, which AMS 
dating showed spanned 890 years. Most were also decorated, with two painted black, while four 
had handles with V-shaped lines incised diagonally across them that finished 10cm or 6cm from 
the end (Tuohy 2002, 16). Ethnographic examples also exist, and boomerangs, used by 
Australian aborigines, may be seen as a variation of this principle. 
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Figure 3.3: Rabbit-stick or ‘kleane’. Such items had both an economic and socio-cultural 
importance (Pitt Rivers Museum). 
 
 In the American Southwest, rabbit-sticks or kleane were used by the Zuni, Navajo and 
Hopi to hunt animals like rabbits (Figure 3.5), coyote, and prairie dogs. The sticks would be 
thrown horizontally in a straight line, low to the ground. Success at rabbit hunting was seen to 
indicate masculinity and marital eligibility to the Hopi, with the community conferring high 
status on successful hunters (Pitt Rivers Museum). 
 
 
Figure 3.4: Left: Various North American curved throwing sticks, with different decorations 
(Brody 1977; Koerper 1998, Fig.10). Right: Curved boomerangs from Lovelock Cave (Tuohy 
2002, Fig.1). 
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 To hone their skills with rabbit-sticks, Hopi male adults and children played 
Aasa’tinuma, a game where players had to throw their own stick as close to another as possible. 
Hopi and other Puebloan people also had rabbit-hunting competitions on horseback to see who 
could acquire the most animals before sunset. Such events were surrounded by ritualised 
behaviour, with ceremonial dancing beforehand and feasting on roasted and stewed rabbits 
afterwards (Pitt Rivers Museum). One such rabbit-stick was found in a cache in Borrego Valley, 
San Diego (California), along with a ‘game string’ that took the form of a string with a 
spindlewhorl-shaped ceramic disc at one end (Figure 3.6). Such discs were thought to be part of 
‘bolas’, strings weighted with ceramic discs that would be thrown at prey, but experimentation 
now suggests that this is unlikely and that when the rabbit or other small mammal was killed it 
would be threaded onto these to facilitate transportation (Koerper 1998).  
 
Figure 3.5: Hopi hunter 
with a jackrabbit and 
the rabbit stick used to 
hunt it (Koerper 1998, 
Fig.5. Southwest 
Museum, Los 
Angeles). 
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Figure 3.6: Rabbit stick and game strings with ceramic discs, recovered from Borrego Valley 
(San Diego County)  (Koerper 1998, Fig.1). 
 
 A more unusual hunting device was found in the Coast Mountains of southern Yukon in 
an area used by the Athabascan, and recovered when the alpine ice melted. Dated to 1210±40 
BP it consisted of a short, carved wooden stick c.22cm long, which had a square hole cut in one 
end and tapered to a bulbous blunt point at the other (Figure 3.7). It was interpreted as either an 
unusually short ‘throwing board’ or ‘Little Owl’ hunting stick.  
 
    
Figure 3.7: A carved 
wooden ‘handle’ found 
in southern Yukon, and 
thought to be either a 
‘throwing board’ or ‘Little 
Owl’ hunting stick (Hare 
et al. 2004, Fig.15). 
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 As a throwing board it would have had an antler or bone hook inset into the hole and 
would have been used to propel a dart (spear), while as a ‘Little Owl’ hunting stick the device 
would have been used for catching rabbits, and would have had owl feathers inserted into the 
square hole. When thrown it seemingly mimicked the sound of an owl flying, causing the rabbit 
to freeze still in fear and enabling the hunter to simply capture it by hand (Hare et al. 2004, 
269). Anthropological research carried out into the Gwich’in Athabascan by O’Brien (2011) 
included his interviewing Rev. David Salmon, an elder of the tribe, into the use of such devices. 
The ‘Little Owl’ (called a ch’ikiidruu or dachan ch’itkoo) was apparently made of spruce as it 
was lightweight, with northern goshawk feathers as a rule, and was carried as a matter of course 
when hunting large animals during the snowy winter months of February and March. When a 
rabbit was spotted the feathered hunting stick was thrown overhand to go above the animal. If 
the rabbit was up to c.15m away this would be at a height of 2.5m, but thrown higher than that if 
the rabbit was further away so the stick’s trajectory kept it above it. Thinking that it was being 
attacked by a hawk the rabbit would dive under the surface snow, enabling the hunter to race up 
to it (wearing snowshoes), extract the rabbit and kill it. The technique was apparently very 
successful when the snow was soft and powdery, and large numbers of rabbits were caught in 
this way (O'Brien 2011, 13-15). 
 
C. Shot or fired projectiles 
Another category of hunting weapons comprise fired projectiles, which may be seen to include 
slings, blowpipes, arrows and spears. Some experts define weapons systems such as the bow 
and arrow, and spearthrower and dart as “complex projectile technology”. These “…use energy 
stored exosomatically to propel relatively low mass projectiles at delivery speeds that are high 
enough to allow their user to inflict a lethal puncture wound on a target from a “safe” 
distance…”  (Shea and Sisk 2010, 102). 
 
3.2.1.3 Blowguns / blowpipes 
One method of hunting used since prehistoric times is using blowguns. As a technique it has 
been mentioned in Mayan myths, depicted on pre-Columbian pottery, and is still used in parts of 
the Americas to hunt small game and birds (Ventura 2003). In more recent times blowguns have 
been used in south-eastern Asia, from the Philippines to the Malay Peninsula, and in southern 
Mexico, south-eastern North America, and Central and South America (Figure 3.8), where, even 
recently, wild cavies (guinea pigs) were hunted by this method (Gade 1967, 213).  
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Figure 3.8: South American Yaguas Indian (Peru) with blowpipe and dart (Corbis Images 2002-
2012, Photo: Jack Fields). 
 
 A blowgun essentially comprises a hollow tube that is often several feet long, made of 
wood, reed, bamboo, or cane, with regional variations in styles and material used. In South 
America, blowguns usually have a mouthpiece made from either tubular bone, wood or half a 
fruit shell. When bone is used, a pair of teeth from a jaguar or rodent are often attached, which 
curve round the cheeks of the hunter to help to steady the blowgun (Yde 1948). The blowgun is 
used to fire a dart that has a cotton or kapok wad wrapped at one end, or clay pellet (used in 
Mexico and Central America). This is placed into one end of the tube and fired by the hunter by 
‘blowing sharply’. The dart or pellet is propelled with sufficient force to kill the prey (Riley 
1952, 297-298); clay pellets could stun or even kill large forest birds. This specialised technique 
was used to shoot small game such as monkeys and birds, especially those high overhead in 
tropical forest, with ‘pin-point accuracy’. Game could be fired at from a good distance away; for 
example, the two-tube blowgun used by the Panare to kill small birds is effective from over 100 
feet. Poison was sometimes added to the dart for greater effect, though curare was only used 
post-Conquest and not for hunting birds. Children in the eastern United States would use 
blowguns (a single tube made from Arundinaria macrosperma) and darts, but were not allowed 
to use poison (Riley 1952, 310; 314-315). 
 Blowguns were also used to kill small mammals and birds by a number of south-eastern 
Native American tribes, including the Choctaw, Creek, and Cherokee, who used a simple cane 
tubular blowgun, and the Tutelo and Iroquois who used blowguns made from reeds. Shorter 
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versions were made for boys, while darts included a range of materials, such as rabbit fur, and 
feathers (see Figure 3.9) (Speck 1938, 198). 
 
 
Figure 3.9: Cane blowgun and darts used by the Catawba. a) Boy’s blowgun (52 inches long) b) 
Dart made with cut feathers and down (3.6 inches long) c) Dart with rabbit fur (10 inches long) 
(Speck 1938, Fig.1). 
 
 There was inter-tribal variation in blowguns and darts. Those of the Catawba tended to 
be five to six feet-long and fired darts eight to ten inches long, made from wood such as cedar, 
pine or oak, with rabbit fur or tail, feathers or down at one end to create a good seal for firing. 
Though they could travel 100 feet when fired, a distance of 25-30 feet would be needed to 
pierce a rabbit’s skin, though hitting its eye or that of a quail-sized bird would be fatal; any 
further than this distance would not pierce a small mammal’s hide. Cherokee blowguns, which 
were 9-10 feet long and shot a 21 inch dart, had a greater range and were effective for killing 
small game at about 40-60 feet, though could travel 100 feet (Speck 1938, 200-201). The same 
author cites Lieutenant Timberlake (1765, 45), who described how the Cherokee used a 
blowgun in 1754: 
“…There are a vast number of lesser sort of game, such as rabbits, squirrels of 
several sorts, and many other animals, beside turkeys, geese, ducks of several 
kinds, partridges, pheasants, and an infinity of other birds, pursued only by the 
children, who, at eight or ten years old, are very expert at killing with a sarbacane, 
or hollow cane, through which they blow a small dart, whose weakness obliges 
them to shoot at the eye of the larger sort of prey, which they seldom miss…”. 
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 More unusual were the darts of the Chitimacha, which were used exclusively by that 
tribe. These were 12 inches long and twisted (Figure 3.10), and fired with thistledown covering 
half the length (Speck 1938, 202). 
 
 
Figure 3.10: Chitimacha blowgun dart, with a twisted shaft that were exclusive to the tribe 
(Speck 1938, Fig.2). 
 
3.2.1.4 Slingshots 
A further method of obtaining smaller mammals is with slingshots; a technique still used in 
some places, including Panama (Smith 2010) and Brazil (Fernandes-Ferreira et al. 2012) In . 
Samoa, various bird species were recently hunted to near-extinction by local tribes using 
slingshots and other traditional hunting practices (Merlin and Juvik 1985).  
 
3.2.1.5 Spears, darts and atlatls 
One of the most common hunting methods is using spears, either hand-thrown or augmented by 
spear-throwers or atlatls (spears are sometimes termed ‘darts’ when used with an atlatl) to 
increase thrown range, and these weapons preceded bows and arrows. In Europe, spear-throwers 
have been recovered from Palaeolithic sites, while in North America they may have been used 
during the Paleo-Indian period, though certainly by the Archaic. The earliest known atlatl hook 
was made from antler and radiocarbon dated to 17,470 ± 249 B.P., and found at the Solutrean 
site of Combe Saunière (France) (Knecht 1997, 11). The only modern ethnographic example of 
atlatl use comes from Australia, where the aborigines use them just to hunt small terrestrial 
animals (Churchill 1993). Examination of modern ethnographic groups, such as the Kalahari 
San (Botswana) suggest that spear hunting, which is considered a superior weapon for hunting 
large game, is carried out all year-round, while arrow hunting tends to be a more seasonal 
activity due to the availability of poisons; although small game (aside from monkeys) and birds 
seem more likely to be hunted without poisoned arrows. A more practical consideration is that 
the hunter has to get closer to the prey when using a spear (Hitchcock and Bleed 1997). 
 Australian aborigines from the Port Lincoln tribes are recorded as using spears made 
from gum-scrub saplings that were straightened using hot ashes. The spears were at least seven 
feet long, with a point at one end and tapering at the other; a hole was bored into this end with a 
sharpened kangaroo bone and sinew tied round it; when throwing the spear a wooden 
‘wommara’ or ‘midla’ would be hooked into this. Barbs made of chips of wood about two 
inches long and pointed at both ends were attached onto the spears, so they projected like a 
harpoon, and connected by a length of sinew. Other weapons used include ‘wirris’, which are 
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18 inches long, about one inch thick, and made from gum saplings. One end is notched to 
facilitate holding, while the other has a ‘slight gradual bend like that of a sword’, and are used 
for throwing at small animals like kangaroo rats (Schűrmann 1879, 213-214). 
 
3.2.1.6 Bows and arrows 
This section examines the use of bows and arrows, but an arrow can technically be fired from a 
game trap or crossbow (in more recent periods) as well as from a bow, and arrows can even be 
hand-thrown. Furthermore, variation in arrow size or morphology means that bows can also 
shoot projectiles that some would consider spears (Webb 1991, 8). While both large and smaller 
mammals could have been hunted in the past using similar bow and arrow technology, there is 
ethnographic evidence for some differences in the morphology of the projectiles used and the 
material from which they were made. North American ethnohistoric accounts record that rabbits 
were procured using various means, one of which comprised hunting with the bow and arrow 
(Schmidt 1999, 104). Other smaller mammals and other taxa were also acquired this way, with 
the arrows made of wood. 
 While there has been much study of lithic points, arrows need not have been tipped with 
them. In North America the Apache (New Mexico) and Yuma (Arizona) both simply sharpened 
the wooden tip of the arrow to make a point, this would then be hardened, such as in the fire 
(Opler 1996, 389; Spier 1978, 134, both cited by Waguespack et al. 2009, 788), as do various 
ethnographic groups, including the Hadza. Other tribes, such as the Choctaw, employed heavy 
arrows with wide blunt tips (Figure 3.11) for hunting small game (see 3.3.3.2 for archaeological 
examples). These were selected for several reasons. Firstly, they are less likely to get caught in 
high tree branches and so are used to hunt squirrel. Secondly, they would not puncture the skin 
and so are ideal for hunting birds and skunk; with birds the feathers would remain undamaged, 
while a sharp-tipped arrow could puncture a skunk’s scent glands, contaminating fur and meat. 
Instead, the blunt arrows are designed to hit the animal with a lot of force and stun it (Choctaw 
Nation of Oklahoma 2012). 
 
Figure 3.11: Blunted arrow made from dogwood sampling used by the Oklahoma Choctaw for 
hunting small game (Choctaw Nation of Oklahoma 2012, Fig.3). 
 
 A study by Ellis (1997) into the type of tips used by North American and some South 
American societies, showed that there was much variation, though there was a tendency for 
stone and bone tips to be employed for warfare and hunting large game, while smaller game 
were usually hunted using arrow tips made of organic materials such as bone, reed, and wood. 
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Exceptions include Coast Eskimo, who use stone-tipped arrows on rare occasions, and the 
Lacandon of Mesoamerica who use stone tips for hunting monkeys (Ellis 1997, 42-45). The 
Pima in Sonora (North America) also used wooden tipped arrows for hunting, though when 
fighting against their enemies, the Apache, these were often soaked in poison made from the 
juice of a certain plant and pulp from prickly pear stems (Jones 2007, 38).  
 In South America, the Pumé in south-western Venezuela regularly use bows and arrows 
for hunting, with different arrows specifically used for different game. Caiman are hunted with 
barbed harpoons, lanceolate points are used for capybara, and two point and spur arrows are 
employed for hunting birds and large terrestrial species. These latter arrows are also used to 
capture and kill cottontail rabbits (Sylvilagus floridanus) and lizards, though they are used as 
hand-held ‘spears’ rather than fired (Pargeter 2011, 297-298). The Pumé also tend to hunt 
terrestrial fauna more in the wet season, catching a number of smaller species including 
cottontail rabbit, lesser anteater (Tamandua tetradactyla), and armadillo (Dasypus sabanicola), 
while in the dry season they exploit aquatic resources more frequently (Greaves 1997, 292-293). 
 The practice is not restricted to those continents, as there is also evidence for wood-
tipped arrows being employed elsewhere by ethnographic tribes. The Ba-Yaka in West Africa 
hunt small mammals using arrows with only a wood tip (Figure 3.12). There is no known use of 
lithics by them, and they hunt prey using arrows made with sharpened tough wood points that 
are fire-hardened; these are attached with gum and binding to palm-rib shafts, which are nocked 
and feathered. However, they use iron-tipped arrows for warfare (Torday and Joyce 1906, 42). 
 
 
Figure 3.12: Wooden tipped arrows used for hunting by the Ba-Yaka, including one with four 
points (Torday and Joyce 1906, Fig.1). 
 
 The Hadza (Tanzania) also hunt birds and small mammals such as hyrax (Procavia 
johnstoni) using arrows without heads, with the tip solely comprising sharpened wood 
(Woodburn and Hudson 1966). They use long bows that are usually about six foot in length 
(though some men use shorter bows) with a draw weight often in excess of 100lb (Woodburn 
1970, 14). The arrows used are made of wood (shafts) with a range of different points, variously 
made from wood or metal (Figure 3.13), which differ in style from single and double barbs to 
those with a series of barbs. These are used to hunt a range of species including birds and small 
mammals, such as hyraxes and bush-babies (Woodburn 1970, 17) (Figure 3.14).  
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 Arrows are usually fletched and carried by hand rather than kept in a quiver. Those used 
to hunt small game and birds are the longest, fletched with guinea fowl feathers and with simple 
wooden tips, while those used for impala and smaller game are shorter with broad, heavy, metal 
points. Poisoned arrows with single or double barbs and fletched with vulture feathers are used 
for hunting large game (Figure 3.15). The bows, which are used for different types of arrows, 
are between 2.0-2.25m in length and mainly made from mtatecko wood (from which digging 
sticks are also made), wrapped with tail skin from giraffe, eland or impala (Bartram Jr. 1997, 
332-335). It is interesting to note that points designed for hunting small mammals are generally 
smaller in size than those for large animals, though in prehistory large game was often hunted 
with small points, as seen by the evidence on scapulae (Noe-Nygaard 1974). 
 
Figure 3.13: Hadza hunter 
(Tanzania) with a bow 
and various wood and 
metal-tipped arrows, 
which are carried by hand 
(Mears 2011). 
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Figure 3.14: Hadza arrows with different points: a), b) and c) are used to hunt small game and 
birds; d) is for hunting small dik-dik antelope; e) and f) are used for large game (Woodburn 
1970, Plate 5). 
       
a) 
b) 
d) 
e) 
c) 
f) 
10cm 
Figure 3.15: Hadza bow and arrows. 
Arrow B is a simple, wooden-tipped 
arrow used for hunting small game and 
birds, C and D are poison-tipped , with 
C barbed and D partly covered with 
impala hide (Bartram Jr. 1997, Fig.9). 
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 The Kua Bushmen who live in the eastern Kalahari (Botswana) use shorter bows 
compared to those of the Hadza that average 1 metre long (the average for southern African 
bows is 90cm) with a 8-10kg draw weight. These are used to hunt large species like antelope 
and giraffe, as well as smaller animals like bat-eared fox and porcupine. The arrows used have 
carved wooden or reed shafts with barbed and tanged metal tips connected with bone or wood 
and attached by wrapping with sinew. They are often painted with poison from Diamphidia sp. 
beetle larvae, though other groups use vegetable, snake or insect poisons, and always carried in 
a quiver (Bartram Jr. 1997, 325). A range of species are hunted, from springhare (Pedetes 
capensis) to springbok, with the animal stalked and the arrow fired from 10-30 metres away 
(Bartram Jr. 1997, 329). Also in south-eastern Botswana, Hitchcock and Bleed (1997, 348) 
record the use of different arrows (usually unfletched) for various purposes by the !Kung San, 
who utilise arrows tipped with tapered bone, fire-hardened wood or porcupine quills (but no 
poison) to hunt small game and birds, with blunt wooden-tipped arrows used for hunting birds, 
and poisoned arrows kept for larger prey. 
 Research by Churchill (1993) generally shows that while larger species were hunted 
almost exclusively with stone-tipped projectiles (96% of the 79 societies sampled), smaller 
game (animals weighing up to about 40kg such as squirrels, fox, raccoon, rabbit and beaver) 
were hunted with arrows tipped with a wider range of materials. Stone-tipped arrows were, 
however, also used on smaller species by various tribes such as Salish groups (North-West 
Coast), while the Pomo (California) employed them for larger birds of prey, the Kaska 
(Subarctic) who hunted fish with stone-tipped arrows, and the Lacandon (Mesoamerica) who 
hunted certain monkeys with them (Ellis 1997, 40-44). 
 
3.2.2 Art: Pictorial evidence for prey acquisition 
Hunting: 
Prehistoric art depicting animals are well-known, both in Europe and in other areas of the world, 
but few include clear-cut evidence of their relationship or interaction with humans. Most art is 
also concerned with larger species, though a few examples of images depicting small mammals 
are known, as will be seen in Chapter 6. What is examined here is evidence for human hunting 
of small species. 
 Rock art specifically depicting hunting smaller mammals are rare (Mark and Billo 
2009), even though it would have been a relatively important activity in prehistoric North 
America and Europe. Petroglyphs with scenes showing rabbit hunting with nets have been 
found in south-western Colorado, Lower Pecos (Texas), and on rock art in north-western Plains 
(Archaic) style. Pictographs of two rabbit hunting scenes are now known about in the 
Guadalupe Mountains (New Mexico). The first of these is Hunters Shelter, a small, obscured 
rock-shelter high on the mountains, which contains several pictograph panels. One such panel 
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(55cm high and 80cm wide) shows figures hunting rabbits with straight or curved sticks, fixed 
nets, and dogs (Figure 3.16) (Mark and Billo 2009, 204)  . 
 
 
  
Figure 3.16: Hunting rabbits with curved sticks and dogs, chasing them towards nets. Top: 
Pictograph from the rock site of Hunters Shelter (New Mexico). Below left: Drawn interpretation 
of the panel. Below right: Panel detail (Mark and Billo 2009, Figs.6 and 7). 
 
 The second site with rabbit hunting pictographs is at White Oaks Spring (LA 157206). 
Unlike Hunters Shelter it is a lower-lying, open shelter situated near water. The 30cm high and 
60cm wide panel shows armed hunters surrounding a group of rabbits and driving them towards 
a net (Figure 3.17) (Mark and Billo 2009). 
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Figure 3.17: Top: Pictograph of armed hunters with curved sticks surrounding small animals 
(probably rabbits) at the White Oaks Spring site (New Mexico), and driving them towards a net. 
Below: Detail of a rabbit drive (Mark and Billo 2009, Fig.9). 
 
 A similar scene has also been identified on a Mimbres bowl, although again without 
dogs (Figure 3.18) (Mark and Billo 2009, 203). As with the pictographs this image depicts 
hunters in New Mexico with curved sticks pursuing rabbits, trying to drive them into a net that 
has been pegged out ready. Unfortunately no such art is known in Europe. 
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Snaring: 
As with hunting, there is also occasional pictorial evidence for the use of snares on the motifs 
decorating prehistoric pottery of the Mimbres culture (Figure 3.19). These bowls derive from 
the American Southwest and date to the 11
th
 century (Shaffer et al. 1996). However, such 
depictions of traps and their technology are rare, but examination of the figures shown on these 
vessels suggests that snaring was carried out by males. 
  
Figure 3.19: Mimbres bowls decorated with motifs depicting snaring. Left: Snares being set by 
trappers. Right: Trapper with both unset and sprung snares (Shaffer et al. 1996, Figs.2 and 3). 
 
 Hunting scenes have also been depicted in parts of the Indian subcontinent, which show 
spears being used for thrusting and throwing (and atlatl use), as well as bow and arrow use, and 
the use of slings and bola stones. Yet the same caves and rock-shelters often reveal the bone 
remains of small and large animals under their floors (Kennedy 2004, 129). 
Figure 3.18: Mimbres bowl 
decorated with a (jack)rabbit 
hunting scene (Mark and 
Billo 2009, Fig.8 after Brody 
1977). 
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3.2.3 Trapping/snaring artefacts and practices 
Examining modern practices and ethnographic examples indicates a wide range of techniques 
that could potentially have been used to hunt smaller mammals. These include pre-made 
ambushes, pitfalls, deadfalls, snares, and nets, with such activities undertaken in a range of 
forms using a variety of technology or weaponry.  
 
3.2.3.1 Nets 
Outside of Europe nets have been recovered from dry caves in the Lower Pecos region of Texas 
(Figure 3.20). These may have been used for hunting smaller mammals by stretching them 
across a narrow valley or gully, and driving the animals into them. These would probably then 
have been killed with clubs, rocks, or sticks (University of Texas at Austin 2005).   
 
      
 
 Furthermore, some correlation between the remains of nets and small mammals has 
been identified. Excavations at the dry cave site of Hogup Cave (Utah) recovered fragments of 
various plants, including twisted Indian hemp (Apocynum) fibre and netting twine, and an 
abundance of cottontail rabbit and jackrabbit bones. This correlation was particularly strong for 
the Wendover period, but later periods shown a synchronous decline of leporids and netting 
 Figure 3.20: Net from a dry 
cave in the Lower Pecos region 
of Texas, which could have 
been used to hunt smaller 
mammals, such as rabbit 
(University of Texas at Austin 
2005). 
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fragments, suggesting a link between the two (Aikens and Madsen 1986, 155, cited by Hockett 
1994, 1106). These authors suggest the rabbits were caught during communal hunts, when they 
would have been driven into broad ‘cul-de-sac traps’ formed by stretching out long nets, where 
they were trapped and then killed. This practice continues to be recorded in historic times. 
 In Africa, the Mbuti tribes are divided between those who are archers, with arboreal 
primates only hunted with bows, and those who are net hunters, with spears also used by both 
(Hart and Hart 1986, 43). Those that employ nets use them to catch specific smaller types of 
game, mainly duiker and water chevrotain (Heymoschus aquaticus), brush-tailed porcupines 
(Atherurus africanus), monkeys, mongoose, and various birds; larger animals will just break 
through the nets, while much smaller species such as Gambian rats will just go underneath. It is 
also selective for adult antelope as young antelope in hiding freeze during the hunt. The nets, 
which are traditionally made of plant fibre, about 1 metre high (Figure 3.21), and up to 100m 
long, are joined end-to-end in a semi-circle forming a length with a c.1500m perimeter (Hart 
1978, 333). 
 
   
Figure 3.21: Mbuti (Congo 
Forest) net hanging in the 
jungle to catch small game 
animals. It is suspended in 
dense undergrowth and 
beaters drive the animals 
towards it. The net is large 
enough for a small 
antelope to get its head 
through so it cannot escape 
easily (Tanaka 1978, 
Photo.5). 
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3.2.3.2 Traps 
The range of traps used by ethnic groups invariably depends upon two main factors; these are 
the local prey species and available materials, which in turn depend upon the area of the world 
and habitat in which the groups live, and no doubt prehistoric hunter-gatherers would have been 
driven by similar parameters. Research into trapping methods of marsupials and rodents within 
two modern ethnic cultures (Chachi Indian and Afroecuadorian) in north-western Ecuador 
revealed that different types of trap were employed (Figure 3.22), varying according to the 
species that were targeted, their size, and the location in which the traps were used (Suárez et al. 
1995). Mention has also been made of ‘promontory pegs’, perceived as being used for 
triggering deadfall traps (Janetski 1979, citing Wylie 1974). 
 
 
Figure 3.22: Different types of trap used in the Cotacachi-Cayapas Ecological Reserve, 
Ecuador: a) Log-fall trap for small mammals; b) Log-fall trap for larger animals; c) Trap for killing 
black rats within the local houses; d) and e) Live traps for small mammals and birds (Suárez et 
al. 1995, Fig.2). 
 
 In Africa the Bofi also catch a variety of small animals using traps that are species-
specific. Rodents such as murid mice and rats are trapped using cone-shaped traps (Figure 3.23) 
that are woven out of plant fibre and placed along the rodents ‘run’. There is also evidence for 
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specialised hunting of certain species, with woven bag traps used to hunt porcupine (Lupo and 
Schmitt 2005). 
 
     
Figure 3.23: Traps used by the Bofi in Central Africa. Left: Cylindrical traps made of plant fibre 
used to catch mice and rats. Right: Woven bag traps for hunting porcupine (Lupo and Schmitt 
2005, Figs.2 and 3). 
 
 Ethnohistoric documentation from Canada records that Mistassini Cree hunters would 
place traps underwater to catch beavers, often positioning them through ice (Tanner 1979b, 49), 
while in North America the Chumash used traps to catch rabbit (Hudson and Blackburn 1983, 
cited by McClure 2004), and Sparkman (1908, 198-199) describes methods used by the Luiseño 
Indians to acquire small mammals. Tree squirrels were not eaten, but a number of other species, 
including mice, rats, woodrats, and ground squirrels were. Woodrats, which were ‘much liked’, 
were extracted from their nests by either setting the nests on fire to drive out the one or two 
inhabitants within them, or overturning the nests; the animals would then be killed with bows 
and arrows or sticks. A range of species including various mice, rats, and ground squirrels were 
often caught by trapping in the following way: 
“…Two flat stones were taken. On the lower one an acorn was placed on end, the 
upper stone resting on it, so that when the acorn was gnawed through by an animal 
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the stone would fall and kill it. Since only small animals could get between the 
stones when baited in the above manner, for larger ones, as wood rats and ground 
squirrels, a short stick was placed on top of the acorns. This made room for them 
to crawl between the stones and reach the bait…” (Sparkman 1908, 198-199). 
 More unusual are traps made of stone or ice, as were traditionally used by the Eskimos 
of North-west Hudson Bay, south-west Baffin Island and Melville Peninsula. Ethnographic 
research mentions their use to catch Arctic fox (Alopex lagopus) and weasel; fox pelts were 
recorded as accounting for 90% of their trade, with the hunting season officially 1
st
 November 
until the end of March, though some illegally trap until the end of April as the foxes (and pelts) 
are in prime condition then. Such traps are now mainly superseded by different-sized metal 
traps made of steel that can also catch wolf or even polar bear (Manning 1944, 139; 149). The 
same author describes how the Eskimo use such traps: 
  “…Traps for foxes are on a chain some 2-2½ feet long. This is fastened 
down either by means of an iron spike driven into the frozen ground, or by rocks. A 
block of snow 1½ feet square and some 6 inches high is cut, and a hollow made in 
the centre for the trap. Then a further block of snow is placed over it and scraped 
thin enough to be broken by the fox's weight. A piece of bait is put close to the far 
end of the spring, sometimes being weighted down by a rock. If the traps are set by 
a cache, they are often simply placed uncovered on a rock. This is the way many of 
the east coast Baffin Islanders regularly set their traps; these people are poor 
trappers. The white trappers on the west coast of Hudson Bay shovel a heap of 
snow about 4 feet high and place the trap on top. This method is not used by the 
Eskimos. It has the advantage of placing the trap above the ground drift where it is 
less likely to be drifted over or for the crust to be cut away by the abrasion of flying 
snow. Placing the trap in a snow block as the Eskimos do is for the same purpose, 
but while much quicker it is less satisfactory, as it only raises the trap a few inches. 
An Eskimo trapper has an average of thirty or forty traps. These he will set out 
from a quarter of a mile to 1 mile apart, the distance varying according to the 
number of traps he has and the area he wishes to cover. When visiting their traps, 
Eskimos usually travel in two's or three's; as many as five, each with his own 
sledge, may set out together…Those Eskimos having sons of between ten and 
eighteen years are usually accompanied by them…” (Manning 1944, 147).  
 
 The frequency with which such traps are visited depends on various factors, such as 
time available after hunting for food, the fox population (the greater the number of foxes around 
means an increased likelihood of catching one and so traps are visited more often), and the 
presence of other predators such as wolverine, coloured foxes (Vulpes fulva) and wolves, all of 
which would eat trapped foxes. Another major consideration is the weather. In mild weather a 
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trapped fox may succeed in escaping by ‘working his foot off’ if not removed quickly; this 
rarely happens in cold weather because the leg freezes quickly and the fox dies within around 
three days. Finally, a big snow drift will put traps out of use (Manning 1944, 150). 
 
3.2.3.3 Snares 
Various different types of snares have been described in the literature, which vary in appearance 
(Figure 3.24). Four main types comprise hinged-stick, bird, noose and scissor snares (named by 
Spier (1955, 5) from the Mojave cokta'vam meaning 'to pinch them'. Others have been recorded 
but have not been recovered archaeologically or in bundles (Janetski 1979, 306). 
 
Figure 3.24: Reconstruction drawings of snares: a) and b) Scissors snare c) Noose snare d) 
Positioning of noose snare (Echlin et al. 1981, Fig.9. after Janetski 1979 (a), and Spier 1955 
(b,c and d)). 
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 Most of these snares, and many used in the past, would have been made out of organic 
materials such as plant cordage, unlike many used today that are often constructed of metal 
components (Figure 3.25). Flexible steel cable was only produced from the early 20
th
 century, 
so is clearly not a centuries-old practice (Reynolds 2000). The inherent strength of such material 
means that it can be used for small animals, as well as much larger animals, and has even been 
adopted to catch species such as antelope by tribal groups in Africa. 
 
 
Figure 3.25: Parts of a modern free-running snare used for catching foxes (Reynolds 2000), 
made from metal components. 
 
 There is certainly surviving archaeological evidence for prehistoric snares outside 
Europe, especially in North America where dry rock-shelters and caves have enabled excellent 
preservation of organic materials that rarely survive elsewhere. Examples include Ord Shelter in 
the Mojave Desert (California) from where several bundles of snares were recovered, along with 
other organic remains like basket and net fragments (Echlin et al. 1981). A cache of 100 simple 
snares (Figure 3.26) was also recovered from a dry rock-shelter by the Green River (Wyoming) 
(Frison 1991, 265). The abundance of woodrats in the area has led that author to suggest that 
these snares were used specifically for this prey, though could be utilised to catch other small 
species.  
 Various ethnographic groups are recorded as using snares; these are either left 
unattended or are set in place with someone holding one end. Copper Eskimo women and young 
boys use this method to snare marmots. They place a noose in the entrance of the animal’s 
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burrow, then sit and wait silently until it emerges. When the marmot puts its head out of the 
burrow the string is pulled tight and the animal caught by the neck (Stefansson 1913, 457). 
 
  
Figure 3.26: Left: Bundle of scissor snares from Ord Shelter, California that average 35cm long 
(Echlin et al. 1981, Fig.5). Right: Individual snare from Wyoming, used to catch small mammals 
such as woodrats (Frison 1991, Fig.4.15). 
 
 The Hadza (north Tanzania) usually tend to hunt big game rather than smaller-bodied 
prey. Yet a small game hunting experiment with the Hadza by Hawkes et al (1991) revealed that 
small game such as guinea fowl (Guttera spp.) and dik-dik (Rhynchotragus spp.) were regularly 
caught using snares, made from a bent sapling, a loop of twine (made by the hunters) and simple 
trigger. Setting each snare for the first time took about 15-20 minutes, but once sprung took 
only a few minutes to reset. Comparing trapping or snaring with more active forms of hunting 
showed that the men spent much less time on snares than on encounter hunting, though when 
snares were used they were more likely to result in meat provision, with success in killing small 
game much higher than for large game. However, smaller game produced significantly less 
meat mass than large game, though was less likely to be shared and small mammals were often 
eaten before the hunter returned to camp (Hawkes et al. 1991, 247-249;244). 
 The Bofi and Aka tribes in Central Africa are nomadic forest foragers whose 
subsistence relies on invertebrates, honey, plants, and hunting a range of wild species. Although 
this traditionally includes elephant (Loxodonta africana) and medium-sized prey, many of the 
species hunted (or occasionally scavenged) are relatively small. Besides ungulates like duikers 
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and river hog, their prey includes brush-tailed porcupine (Atherurus africanus) and giant 
pouched rats (Cricetomys emini) (Lupo and Schmitt 2005, 337). Both tribes catch a range of 
different sized animals using noose snares; these are made out of metal or fibre and set along the 
trails and runways regularly used by animals. The Naro hunters in the Kalahari Desert 
(Botswana) are another tribe that use spring-traps (snares) constricted from bent saplings with 
plant cordage to catch animals the size of small antelope and bushpigs (Figure 3.27) (Lombard 
and Phillipson 2010, 645), while rabbits were killed with hand-held arrows (Pargeter 2011, 
297). 
 
 
Figure 3.27: A traditional snare made from a bent sapling and plant cordage being set by a Naro 
hunter (Botswana) in the Kalahari Desert (Lombard and Phillipson 2010, Fig.3). 
 
 The use of such snares can vary seasonally. For example, the Kua’s (Botswana) use of 
snares is limited to the dry season, as wetting and drying of the snare cord in the rainy season 
can accidentally spring the snare (Bartram Jr. 1997, 329). 
 
3.2.3.4 Other methods 
Use of Decoys: 
Film footage of the Hadza, recorded in the 1960s, shows boys of c.10-11 years-old hunting rock 
hyrax by capturing a baby hyrax by removing it from its burrow and using it as a lure for larger 
ones by biting it to make it cry out. This attracted other hyrax; these were then caught with a 
bow and arrow (Woodburn and Hudson 1966). It is equally possible that prehistoric children 
acquired hunting skills in this way, using this technique to catch small prey like marmots. 
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Collecting: 
A simpler method of prey acquisition is employed by the !Kung San of the northern Kalahari 
Desert (Dobe region, Botswana) when hunting springhare (Pedetes capensis) and African 
porcupine (Hystrix africaeaustralis). These are considered important prey animals along with 
other small mammals, such as honey badger (Millivoru capensis) and aardwolf (Proteles 
cristutus), and larger species like antelope. What makes the springhare and porcupine easy prey 
is that both are nocturnal, occupying underground burrows (porcupine use aardvark 
(Orycteropus afer) burrows while springhares construct their own) and remain stationary during 
daylight hours, though porcupine may sunbathe near the burrow entrance. Furthermore, both 
animals have no particular birthing season so produce young all-year-round, and have small 
territories so do not range far (Yellen 1991, 3;8), all of which are advantageous to the !Kung. 
 The !Kung San locate porcupine, which they also catch above ground if encountered, by 
following the animals’ tracks. The animals are often solitary, though may occasionally share a 
burrow with up the three other adults. They are dug out by hunters either directly digging down 
to them using a wooden digging stick, though this is complicated by the aardvark’s tendency to 
dig long, curving burrows, or if in pairs one hunter may crawl into the burrow holding a spear in 
front of him while pushing a wall of sand ahead for protection. When found the porcupine is 
carefully killed with spears or clubs (Yellen 1991, 8). 
 When locating springhare the !Kung are helped by the fact that the animals only dig 
burrows in hard sandy soil, leaving a tell-tale pile of freshly dug soil at the burrow entrance in 
the process. The burrows, which are usually occupied by females and their young or single 
adults, are usually up to a metre deep and tend to comprise a vast network of tunnels, often 
extending over an area of ten to fifteen square metres. The intricate nature of the burrows and 
nocturnal habits of springhares makes them hard to hunt and is considered a specialized activity. 
The !Kung use a light flexible wooden pole, which is four metres long and made up of a series 
of segments. This is tipped with a hook made of iron or small antelope horns, which are 
attached to the pole with sinew and gum. One hunter hooks the animal in the burrow, while 
another digs down to despatch it with a blow from a digging stick (Yellen 1991, 14). The Kua 
(Botswana) also used springhare poles (again a flexible wood tipped with steenbok horn) to 
impale porcupine and springhare in their burrows and then dig them out (Bartram Jr. 1997, 
329). Based on their data from /Xai /Xai, Wilmsen and Durham (1988, 76f, cited by Yellen 
1991, 16), suggest that hunting is seasonal despite springhare being available all-year-round, 
and only carried out from May to September when other food sources are scarce. However, 
Yellen (1991, 16) considers them more as an easily accessed, low risk strategy resource, hunted 
when meat is desired, regardless of season. 
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3.2.4 Spatial and temporal variation in small mammal utilisation 
Ethnographic research on the relative proportion of small prey mass to large prey mass showed 
both spatial and temporal variation. Hawkes et al (1991, 244-245) note that during 75 monitored 
hunter-days the small game taken constituted only 1% of ‘animal tissue taken by the average 
hunter’. Conversely, for !Kung hunters in the Dobe area observed over a four week period small 
animals formed 29% of the total prey mass, and over several months small mammals comprised 
about 55%; for the same group, while small mammals caught by Ache (Paraguay) bow hunters 
constituted 75% of prey mass. 
 
3.2.4.1 Temporal changes in methods 
There are often technological developments and changes to practices over time, and prey 
acquisition methods are no exception; what may be employed as the ‘usual’ practice for one 
period in time may be outdated for another. For example Sparkman, whose work was published 
posthumously in 1908, describes the changes in rabbit hunting methods for the Californian 
Luiseño: 
“…The principal animal food probably always consisted of jackrabbits and 
rabbits, which are still the chief game animals… Now-a-days jackrabbits and 
rabbits are either killed with a shotgun or small caliber (sic) rifle, or hunted on 
horseback with sticks two and a half or three feet long. Formerly these animals 
were hunted with bows and arrows, or trapped by draw nets and snares placed in 
their runs. They were also driven into a long net stretched across a suitable place, 
a number of Indians assembling for the purpose. They were also killed with a flat, 
curved stick, wakut, which has erroneously been spoken of as a boomerang. 
Formerly when an Indian went to the field he carried one of these sticks in addition 
to his bow and arrows. If he saw a rabbit or other animal that he wished to kill 
standing, he shot at it with the bow; if it was running, he threw the stick at it…” 
(Sparkman 1908, 197-198). 
 There have been similar changes with Eskimos, with a move over the years from using 
traditional weapons such as harpoons, to British .303 rifles, and more recently to shotguns 
(though rarely due to the cost of ammunition) or .22 rifles that are used for rabbits and birds. 
Such smaller rifles may be used as secondary weapons, and are often given to the son as a first 
rifle when he reaches the age of 10 years (Manning 1944, 137). 
 
3.2.5 Socio-cultural aspects 
Aside from the technological methods potentially used to hunt smaller mammals, some thought 
must be given to the socio-cultural construct of these activities, which is now discussed. 
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3.2.5.1 Gender and age roles: Who hunts? 
One aspect needing consideration with regard to smaller species is questioning who actually did 
the hunting or trapping in prehistory? Whether it constituted a group activity or was undertaken 
individually, as well as who were the most likely candidates to have performed these tasks in 
terms of age or sex demographic? For the most part such questions are difficult to answer 
archaeologically, though ethnography and ethnohistoric accounts can show the approaches and 
different strategies adopted by recent societies. 
 It is ‘traditionally’ perceived that men are, and were, the only hunters, and while this is 
true in some ethnographic cultures it is not always the case, and may not have been in the past. 
There is certainly ethnohistoric evidence for instances where some, or all, members of the 
community would have joined together to hunt. For example, the practise of communal rabbit 
hunts has been recorded for various indigenous North American tribes, such as the Paiute 
(Nevada, USA), with Cattail-eater country Paiute jackrabbit drives recorded as lasting for 10-15 
days (Fowler 1992, 78, cited in Mueller Epstein 2012, 161). This activity would involve the 
whole community, though was not unique (see 3.2.5.1.2 below for similar hunts in Malawi). Yet 
besides hunting by men or communal hunts, there are numerous examples of women and 
children hunting game. This is an important concept that has been somewhat overlooked in 
zooarchaeology, but this aspect is now discussed in more detail in the following two sections. 
 
3.2.5.1.1 Women hunters 
Men are often perceived as being the hunters within hunter-gatherer groups, with women 
ascribed the role of gatherers
8
 (mainly plants and insects), while also rearing children and being 
responsible for most domestic chores. But this is not the whole picture, as examination of 
ethnographic groups shows that while men were often the ones who hunted, especially larger 
mammals, women also often engaged in hunting, though the manner and extent of this varied. 
In many cases it was women who trapped or hunted smaller prey, but this too was not exclusive 
and sometimes men snared small species, as shown by the decoration on the Mimbres ware 
above, while women also killed large game, suggesting cultural variation in roles and practices.  
 It is thought that the view that men are (and probably were) the only hunters has partly 
arisen from the assumption that a division of labour would have arisen between the sexes in 
early hominids, with the problem of transporting infants precluding women from travelling far 
(Wells and Zelio 1979, cited in Dahlberg 1981, 11) whereas men were free to travel longer 
distances to hunt large game. However, as Dahlberg (1981, 11) points out, this overlooks the 
issue of women’s involvement in collective hunting, which has no relation to physical size or 
                                                     
8
 It has been suggested that the technique and ease with which small prey (like small animals, reptiles and 
invertebrates) were acquired could be considered as ‘gathering’ rather than ‘hunting’ per se (Marshall 
1976, cited in Zihlman 1981, 95), though for this thesis ‘gathering’ is construed as acquiring mainly inert 
prey, like plants or shellfish. 
3: Prey acquisition: methods and theory 
206 | P a g e  
geographical range. This view is reiterated by Estioko-Griffin and Bion Griffin (1981, 141), 
who state that “…size and strength of the hunters may depend less on size of the prey than on 
the environment…” and that “…sex differences as to size and strength cannot now be clearly 
asserted as relevant…” These authors also suggest that the ‘male as hunter’ assumption has 
been fuelled in recent years by a cultural bias, with hunting being a ‘valued activity’ among 
males in Europe, Africa and Asia, with an implied status attached to men involved in the 
activity in America, while their female counterparts also engaged in hunting are seemingly 
denied such an ascribed status (ibid. 1981, 141). 
 The subject of women as hunters is not new, and while it has been somewhat neglected 
in zooarchaeology it has been addressed in earlier anthropological works, including Jenness 
(1922), Fox (1952), Goodale (1971), Briggs (1974), Hammond and Jablow (1976)(all cited in 
Estioko-Griffin and Bion Griffin (1981)), and Flannery (1932; 1935). These, and other such 
publications, clearly show that while hunting is not undertaken by women in all cultures it is 
practised in a good number of them in different parts of the world, and that the nature of 
women’s involvement with hunting varied. On a conceptual level, there are women who are 
considered ‘hunters’ but who do not actively participate in the actual chase; these include 
women of the Iñupiak, Biaka and Baka. It is recorded that Iñupiak men categorise their wives as 
hunters because they ritually attract the animals, which seemingly tend to ‘give themselves up’ 
to men whose wives are skilful and generous (Bodenhorn 1990, 1 cited in McCreedy 1994, 34). 
Similarly, while women of the Baka Pygmies (Cameroon) are not involved in the actual hunting 
their role is to mediate between the hunters and the forest, to ritually call and locate the animals 
through song and dance, so bringing ‘luck’ to the men hunting them (Joiris 1990, 20 cited by 
McCreedy 1994, 34). 
 
 Anthropological studies show that where women had an active role in hunting this 
ranged from assisting men to acquiring prey independently. For example, on food acquisition 
trips women of the Ache (Eastern Paraguay) generally forage for fruit and other plants, while 
others accompany male hunters, sometimes helping to spot game (Hurtado et al 1985, 4), 
digging small animal burrows and covering others with logs. They also gut and clean dead prey, 
often roasting and eating the intestines at the kill-site. But besides this, women are recorded as 
hunting small terrestrial game on their own, such as small mammals and other small fauna 
(including snakes, insects, honey, bird and iguana eggs), with one observed hand-hunting coatis
9
 
(a dangerous activity) while carrying a small child (ibid. 1985, 13;24). Women also transported 
small game back to camp in baskets, where it was gutted and butchered by both women and 
men; though processing large animals was restricted to men (Hurtado et al 1985, 4;8). 
                                                     
9
 Coati are South American omnivorous mammals from the raccoon family. 
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 The women of the Matses of the Peruvian Amazon are another example. They 
participate in hunting alongside men, and fulfil a number of roles including chasing small 
mammals such as paca or saki monkeys. It is recorded that: 
 “…On hunts with their husbands, adult women spot game, take part in the chase, 
retrieve arrows, bring water to flood armadillo holes, encourage dogs, strike 
animals with sticks or machetes, participate in orienting the party, and carry meat 
home. On long hunts involving a forest camp, they pack food to the base, butcher 
and smoke meat, and carry meat home. While living in the longhouse, they catch 
frogs, fish, and small animals that blunder near a house; with children, they set 
garden traps for immature rodents. As is the case in many Amazonian groups, 
women participate in fishing expeditions…”  (Romanoff 1983, 339-340). 
 
 However, the same author records some apparent (seemingly unfounded) male bias 
against women hunting: 
“…They [Matses men] say that women walk slowly, and that hunters can go farther in all male 
groups (while a man thus complained to me, his wife, lagging a bit with a baby on her hip, 
located a paca; we all gave chase until she, correctly positioned, struck the animal with a 
machete)…” (Romanoff 1983, 342). 
 
 The same study indicates that it is beneficial when women hunt, with improved returns 
when woman and men hunt smaller species together (Table 3.1), though men appear more 
successful when hunting larger arboreal species alone (Romanoff 1983). 
 
Table 3.1: Animals taken by the Matses, comparing couples hunting versus men hunting 
alone: 
Class of animal Couple (a) Men alone (b) 
Couple/total 
(a/a + b) 
Paca 11 1 0.92 
Saki monkey 12 4 0.75 
Collared peccary 16 6 0.73 
Large birds 22 13 0.63 
Armadillo 9 7 0.56 
Large monkey 25 51 0.33 
Sloth 4 52 0.07 
a) Excludes cases where presence of wives unknown; includes only those classes of 
animals taken ten or more times during observations. 
b) Includes animals brought by unmarried men; does not preclude the presence of a 
woman who is the wife of another man. 
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 In the lowland Neotropics there is ethnographic evidence for Mayangna and Miskito 
(Nicaragua) women hunting with dogs on a leash, either alongside male hunters or 
independently, hunting smaller species like armadillos, pacas and agoutis
 10
. Hunting with dogs 
is also a strategy adopted by juveniles and older men, and it is suggested that using hunting dogs 
to corral prey is a means of “…reducing age-related disparities in hunting return rates…” 
(Koster 2009, 580-581). 
 
 Hunting by women was not restricted to one continent. Ethnoarchaeological research 
into Chippewan hunting practices (in subarctic northern Canada) by Brumbach and Jarvenpa 
(1997) revealed that hunting teams could be composed of all-male, all-female, or combined 
male and female hunters. Examples of women hunting included trips from settlements or 
seasonal camps to hunt or snare species like rabbit, snowshoe hare (Lepus americanus), beaver 
and muskrat. The distances travelled during these trips could vary from 3.2 to 7 km (Figure 
3.28) (Brumbach and Jarvenpa 1997, 423-424). 
 
 
Figure 3.28: Route taken during by Chippewan all-women teams hunting beaver and muskrat in 
spring. Inset: Rabbit hunting trails used daily by women (Brumbach and Jarvenpa 1997, Fig.4). 
                                                     
10
 Paca and agouti are large rodents found in Central and northern South America, though are smaller than 
capybara. 
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 Most women included checking rabbit snare-lines with their domestic chores, while 
some hunted and snared alone. One woman recalled snaring rabbits alone at nine years of age 
(partly because of her parents' infirmities), when she would travel a distance of 6.4 km as a 
round trip to snare and/or fish (Brumbach and Jarvenpa 1997, 423-424). However, most women 
paired up with other family members for hunting trips, such as mother and daughter, or 
grandmother and granddaughter. One woman described snaring rabbit with her mother in 
c.1945: 
“…I used to hunt rabbits with my Mom. We had a little trail where we went. From our house we 
would cross a lake and go into the bush in winter, and my Mom would put out the rabbit snares. 
She would kill 7 or maybe 11 rabbits at one time that way. I was 17 years old.... At the end of 
the trail my Mom would kill a rabbit for a meal, make tea from snow, and have some bannock. 
We used snares. We would bring the other rabbits back home whole. She would sometimes gut 
them and leave the hair on them and keep them frozen in a shed outside. We especially hunted 
rabbits in winter…” (Brumbach and Jarvenpa 1997, 423). 
  
 Apart from those eaten during hunting, all rabbits would be returned whole to the 
residential settlement for processing, where they would be cooked, though the bones would not 
be broken for grease. The meat was sometimes dried or prepared as pemmican for storage, 
while woven blankets and moccasin liners were made from the skin. Beaver and muskrat were 
hunted in springtime, either using traps or guns, and girls also learned to hunt these species from 
an early age, before seven or eight years old (Brumbach and Jarvenpa 1997, 424).  
 The above examples of women hunting are not exceptional, and while small mammals 
are the focus of this thesis, there are records of women hunting all species. For example, young 
Mescalero Apache (New Mexico) women might take part in hunting with their husbands, and 
that when moving camp would ‘kill whatever animals they came upon’ if they needed food. 
Furthermore, in former times it would not be uncommon for a woman to ‘rope a buffalo, wind 
the rope around a tree, and kill the animal with an axe’ (Flannery 1932, 29). The same author 
records that while men were generally considered the hunters among the Eastern Cree (Canada) 
some women were reputed to also have been excellent hunters, whether through illness or death 
of their male relatives or their incompetence (Flannery 1935, 83). In addition: 
 “…Once game has been killed and brought to camp, it is the absolute property of the 
woman...It is up to her to decide how much she will need for the use of her own family and how 
much shall be distributed…” (Flannery 1935, 81).  
 Furthermore, many Woods Cree women trapped fur-bearing animals, both alone or in 
groups, and that some women, both married and single, hunted moose, caribou, and bear 
(Brightman 1996, 692). 
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 Research into the Aka forest foragers ("pygmies") of the Central African Republic 
demonstrates that women were important contributors in net-hunting, often engaging in it more 
frequently than men. Men and women also often hunted together, when their roles would be 
interchangeable. This involved driving the animals into the nets by beating leaves and shouting, 
then seizing and killing them with machetes or logs lying nearby (Noss and Hewlett 2001, 
1027). Such skills were acquired in childhood, so that by the age of ten boys and girls could 
drive animals into nets, butcher them, and divide them following the formal tribal rules (Hewlett 
and Cavalli Sforza 1988, 929-930). 
 
 Differences in male and female roles often vary locally. For example, two main hunting 
techniques are employed by the BaMbuti pygmies who inhabit the Ituri Forest (Zaire), namely 
bow hunting and net-hunting. The BaMbuti comprise four main populations including the Tsua 
who mainly hunt with nets, and catch small and medium-sized mammals like duiker, mongoose 
and genet, and the Efe who are archers, hunting birds, monkeys and duikers. But while net-
hunting is a common subsistence activity for women, with them often acting as beaters, the 
reverse is true for bow hunting, with women rarely participating in hunting with bows. Instead 
they provide food by working in villager gardens (Bailey and Aunger Jr. 1989, 274-275). 
 Mbuti women play an important part in net-hunting. They help with setting up the nets 
and driving the game towards them; in groups like the Zaire Mbuti net-hunters there is a strict 
division of labour, with men guarding the nets and women acting as beaters (Tanaka 1978). Net-
hunting is a very social event for the Mbuti, which can involve everybody:  
“…The net hunt is the basis of the Mbuti's economy, and all members of the 
community may participate in it. Even children can perform important functions by 
helping both to rig the nets and to guard the ends of the semicircle. The overall 
pace of the hunt is so leisurely that old people and mothers with infants may join. 
Between casts of the nets, the hunters regroup in a gathering called bimba to share 
tobacco or snacks of fruits and nuts gathered along the way. Bimba is an important 
time to flirt and visit, to play with babies, and to discuss the next drive. In effect, 
the net hunt is as much a social event as it is the means of subsistence…After the 
hunt, the distribution of meat is governed by principles and customs which reaffirm 
the mutual obligations band members feed toward each other. Any animals killed 
on the communal net hunt belong to the individuals in whose nets they happened to 
be taken. These individuals are then responsible for the distribution of the meat….” 
(Hart 1978, 337).  
 Women also carry caught game, such as antelope (Figure 3.29) back to their camp (Hart 
1978, 338). Both women and men also gather wild plant food, such as mushrooms, termite 
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alates
11
, and oil palm fruits; this is often done as the opportunity arises on the way to hunting, or 
in the course of it (Hart and Hart 1986, 48). 
 
     
Figure 3.29: Mbuti woman carrying net-caught small blue duiker antelope or mboko 
(Cephalophus monticola). These each weigh about 5.5kg, and one woman will carry up to four 
(Hart 1978, Fig.3). 
 
 Communal net-hunting is also described by Noss (1997), who records that for the 
BaAka of Mossapoula the number of participants involved ranged from fewer than ten to over 
100 and included both sexes, through women generally outnumbered men by a ratio of two to 
one, and sometimes a net-hunting group comprised entirely women. Both girls and boys 
participated as soon as they could keep up (sometimes as young as five years-old), with the only 
children staying behind being those too small to walk or too large to carry (Noss 1997, 73). 
                                                     
11
 Alates are the winged, sexually mature, reproductive adult termites. 
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  Historical records also provide interesting insights. In c.1590, an English sailor named 
Andrew Battell was taken prisoner of war in Brazil by the Portuguese and sent to present-day 
Angola. He described the ‘Matimbas’ pygmy hunters to a friend:  
"…The women carry bow and arrow, as well as men, and one of these will walk in the woods 
alone, and kill the Pongos (gorillas) with their poisoned arrows…" (Ravenstein 1901, 59). 
 
 There are examples of women hunting within the Agta of the Philippines, with the 
practice readily accepted by some groups, such as the Dipagsanghang and Malibu Agta (Figure 
3.30) where women are expert bow and arrow hunters (Estioko-Griffin and Bion Griffin 1981, 
124). However, personal preferences mean some Dianggu-Malibu women hunt with machetes 
and dogs rather than projectiles; in one instance two women were observed with 15 dogs. 
Hunting parties may also consist of solely women or men, or both together (ibid., 128;130). 
 
      
Figure 3.30: Woman Agta hunter from Malibu (Philippines) accompanied by a hunting dog 
(Estioko-Griffin and Bion Griffin 1981, Fig.3.3). 
 
 The Agta use a variety of arrow designs, often devised for shooting specific prey such 
as monkeys. Women make their own arrows, though blacksmithing the metal tips is carried out 
by men (Estioko-Griffin and Bion Griffin 1981, 129). The bows of women and men are made 
from palm wood and identical in style, though the size and pulling weight varies with the 
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hunter. While men may use a heavy bow with a 60-70lb draw weight, women and youths tend 
to use bows with a lighter pull weight (Griffin 1997, 272). 
 However, there is cultural variation in the extent of women’s involvement in hunting 
among the Agta, and the nature of it. Research by Griffin (1997, 271) into Agta of the Sierra 
Madre (Luzon, Philippines) revealed that women and girls actively hunt, as well as men and 
boys. In terms of age, Agta girls being hunting soon after puberty and may continue when older 
and beyond childbearing age if strong enough to carry game and travel; the same strength 
criteria is applicable to boys and men. Women also refrain from hunting during later pregnancy 
and during the initial few months of nursing, and also hunt less than teenagers and older women 
when they have young children (Estioko-Griffin and Bion Griffin 1981, 131).  
 Female Agta who regularly hunt seriously with the bow and arrow are generally limited 
to those inhabiting more remote, northern mountainous areas and tend to comprise middle-aged 
women who are past child-bearing age. Study of Dipagsanghang Agta women further south of 
this by Estioko-Griffin and Bion Griffin (1981, 128) also revealed a number of mature women 
who seemingly had hunting skills that they had acquired in their teens, but only hunted under 
extreme necessity. Though in addition to hunting game animals like monkey and pig, they also 
fished in rivers
12
, and bartered for goods and services with Filipino farmers from the lowlands 
(ibid, 121). Conversely, in other Agta groups the concept of women hunting is seemingly 
scorned by both sexes. Men are the only hunters (and trappers) among the Agta near Casiguran 
and Palanan, while women in Isabela do not hunt or trap, though assist with hunting (such as 
guiding the dogs used to drive game), and often carry game back to their camp (Estioko-Griffin 
and Bion Griffin 1981, 124;128). 
 It is not only boys that learn to hunt, and in some ethnographic societies girls also 
learning to hunt from an early age. Examples include girls of the Sierra Madre Agta (Luzon, 
Philippines), who actively hunt with projectiles and take part in net-hunting (Griffin 1997, 271), 
while girls and boys of the Ju/’hoan San (Namibia, Africa) learn to stalk and track prey, and use 
the various different sorts of snares that are terrain-speciﬁc. As Biesele and Barclay (2001, 78) 
record: 
“…It was clear that women knew as well as men how to set snares. In one 
memorable interview at Baraka, Namibia, /’Angn!ao’s ten year old daughter, 
//Ukxa, raced to collect the materials for a demonstration snare as her father 
described them to us. She put them together expertly as he talked: it was clear that 
she knew as well as her father and brother how to construct, set, and check this 
snare…” Biesele and Barclay (2001, 78). 
 
                                                     
12
 Underwater spear fishing is the usual technique employed in rivers. Women fish this way and 
participate in group fish drives, but tend not to be involved in lowland, coastal net fishing (Estioko-
Griffin and Bion Griffin 1981, 131-2). 
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 For the forest-dwelling Batek of Malaysia almost every subsistence activity may be 
undertaken by either women or men (Endicott 1979, cited by Keesing and Strathern 1998, 83). 
Furthermore, for modern hunter-gatherers who live in arid or tropical zones, such as in 
Malaysia, Central and South Africa, it is the women who not only collect wild vegetable foods 
for the daily subsistence, but also hunt small animals (Keesing and Strathern 1998, 82).  
 Similarly, Australian aboriginal women were usually responsible for the subsistence 
diet, hunting in groups to acquire a range of plants and animals as food, including small 
mammals, reptiles, honey, and crustaceans, while male members of the group occasionally 
hunted larger species like kangaroo (O'Dea et al. 1991, 234). The women of the Tiwi on 
Melville Island (North Australia) and other groups also usually hunt small animals, as 
‘…hunting of large game is reserved for the men…’ (Goodale 1971). However, for the Martu 
aborigines from the Australian Western Desert, being a hunter and hunting mobile prey is 
considered an important part of being a Martu woman. Unlike the majority of hunter-gatherers 
they spend most of their time hunting, often contributing as much meat as men. Though while 
women sometimes hunted kangaroo, but more usually small animals like cat, goanna and snake, 
men would hunt emu, bustard and kangaroo (Bliege Bird and Bird 2008, 655-6). 
 
 From the above examples it appears that the issue of women hunting can generally be 
attributed to, and dictated by, socio-cultural rules, which result in significant variation in the 
level of women’s involvement. Such rules define local practices and traditions, and dictate 
whether women may hunt, what species, and how; though these may vary temporally. In many 
ethnographic groups hunting by women is frowned upon, or simply forbidden, within their 
society; it is also suggested that women do not want to hunt. Yet in others there are fewer, or no, 
such restrictions and women hunt to greater or lesser extent, with the result that certain women 
hunt more than others simply because they enjoy it. Moreover, some are as capable of hunting 
as their male counterparts, and in some cases are better hunters than them. In other groups a 
middle ground is reached. From their research into the Ju/’hoan San (Namibia, Africa), Biesele 
and Barclay (2001, 68) clearly showed that women were usually considered ‘valued 
collaborators’ and would go along with their husbands to assist when hunting, even taking 
nursing infants with them. They were evidently equally as capable of setting snares, tracking 
and stalking as men; though they would stand back and leave the husband to kill the prey they 
had stalked, using a small, poisoned arrow. 
 Taking an overall view of the ethnographic evidence, where women do hunt there is a 
tendency for them to concentrate on smaller species; so as a further adjunct it is necessary to 
briefly consider why this is usually the case. Despite the ‘accepted’ view that it is men who hunt 
larger species, there are examples of women hunting larger animals, such as the Australian 
Martu women who hunt kangaroo; but there are few examples when compared to them hunting 
small game. Brightman (1996, 705) suggests that “…gendered modes of labor (sic) are usually 
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the effects of gendered technologies...”, and that women’s tendency to hunt smaller species, 
rather than large mammals, is because women don’t have the weapons, or access to them. But it 
has also been advocated that for men there is the issue of the prestige gained by hunting large 
mammals, with inter-male competition serving as a form of competitive display of their prowess 
(Hawkes and Bliege Bird 2002); so any hunting by women (especially with projectiles) would 
spoil the effect somewhat. However, it must be remembered that when women do hunt, whether 
alone or with men, it increases resource returns regardless of prey size. 
 
 Finally, it is necessary to consider the archaeological implications of prehistoric women 
as hunters, and whether the same practices and roles applied. The ethnographic examples 
discussed clearly show varying cultural diversity in who is permitted to hunt, and which species, 
but where women do hunt the majority engage in the acquisition of small mammals and other 
small prey. But ethnographic analogy has its limitations, and the evidence obtained from current 
or recent practices cannot be assumed to be equally applicable to prehistoric populations. As 
mentioned previously there are no extant hunter-gatherer tribes in Europe, and so we are reliant 
upon surviving archaeological evidence from which to identify if prehistoric groups employed 
similar practices to any of the above ethnographic examples, or whether there were specific 
engendered roles within hunting and/or foraging. 
 Unfortunately, finding proof of ephemeral practices such as women hunting from 
archaeological evidence is inevitably problematic, and trying to identify or prove it is reliant 
upon interpreting evidence such as the surviving osteological and material culture remains; even 
examining ethnographic examples gives little or no indication of what to look for, or where to 
look. Potential avenues to investigate could include evidence of human skeletal trauma from 
hunting-related injuries. But this is reliant upon a number of factors, including finding 
appropriate skeletal material with evidence of trauma; even then the cause of the injury may not 
be specific enough and could have resulted from injuries other than hunting accidents. 
Similarly, evidence of hunting trauma found on faunal skeletal remains could have been 
inflicted by men or women, with no means of determining which of them caused it. The size of 
surviving weaponry could theoretically be another indicator; but smaller or lighter weapons that 
arguably were ‘more likely’ to have been used by women may simply have been specifically 
utilised by men for hunting certain types of prey, or used by juvenile males. 
  A further possibility is circumstantial evidence, though this too is open to differential 
interpretation. Examination of leporids from the Upper Palaeolithic sites of Le Moulin du Roc 
and Pont d’Ambon rockshelter in the Dordogne (France) has led Jones (2004) to identify 
disparate hunting methods based on demographic differences between the leporid assemblages 
from these sites. Biological sampling undertaken for research (such as by Smith et al 1995) 
have shown that different age and sex profiles arise from different hunting methods. For 
example, rabbits (rifle) shot above-ground at night tended to be males, while those caught with 
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ferreting produced more females and animals aged 10-17 months, while within-warren 
harvesting and targeting burrow entrances produced more females (Smith et al 1995, 116;119). 
 These and other research data show that rabbits harvested directly from warrens had a 
predominance of reproductive-age does and kittens aged less than one month, while there were 
more males and juveniles aged over one month when rabbits were acquired in the landscape. 
Jones (2004, 226) suggests that applying accurate age and sex profiles of archaeological rabbit 
assemblages should enable identification of en masse hunting of rabbit. Sex determination in 
rabbits is possible from subtle morphological differences in the cranium and innominate bones, 
but these elements were too fragmented to use in the archaeological assemblages under 
consideration (Jones 2004, 227). Instead metrical separation of the distal humerus
13
 and 
mandible
14
 was used to differentiate between the sexes (Jones in prep, cited in Jones (2004, 227-
230)) to create a profile of the animals caught.  
 Applying these data showed that the Moulin du Roc assemblage included almost no 
juveniles or females, and so was thought to reflect hunting individual rabbits outside the warren. 
Conversely, the assemblage from the slightly later site of Pont d’Ambon included kittens 
throughout all time periods, so was seen as representing at least some en masse hunting of 
warren-caught animals, with a corresponding temporal rise in their numbers seeming to signify 
large warrens arising from a higher-density population (Jones 2004, 224;227). The differences 
in the Pont d’Ambon and Le Moulin du Roc evidence are suggested as perhaps reflecting 
different hunting strategies, seasonal occupation, or different site function, with climate 
amelioration (shown by pollen data and correlation analysis) causing increasing rabbit numbers 
(Jones 2004, 230). Furthermore, given that the sites date to the Pleistocene-Holocene transition, 
the differences in the Pont d’Ambon and Le Moulin du Roc evidence are attributed to a 
temporally changing biogeography
15
 rather than a ‘Broad Spectrum Revolution’16 (Jones 2004, 
231).  
 However, a possible alternative explanation could be differential hunting patterns 
between socio-culturally different groups, where hunting was undertaken by women (and 
perhaps children, the elderly or infirm, and/or juveniles) at Pont d’Ambon, where they would 
acquire warren rabbits, perhaps using nets, while at Moulin du Roc open-air hunting was 
undertaken by males and/or juveniles with projectiles; though the possibility that women also 
hunted with projectiles cannot be excluded. It would be interesting to compare such data with 
other contemporary local sites in southwest France, to see whether these patterns were unique 
and if others also had temporal changes in leporid age and sex profiles; it could potentially lead 
to a model that could be applied to other assemblages. 
                                                     
13
 Total breadth versus trochlear breadth 
14
 Diastema length versus diastema depth 
15
 The geographic distribution of animal and plant species  
16
 See section  3.5.2 below 
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 The issue of women as hunters is an important concept that has been somewhat 
overlooked in archaeology and zooarchaeology, but the above ethnographic examples show that 
women often fulfilled important roles in hunting, either assisting other members of the 
community or hunting on their own. The lack of research into women hunting, and appreciation 
of their roles within this activity, is undoubtedly due to the emphasis on zooarchaeological 
research into large mammals, species for which men are usually (though not exclusively) the 
main hunters. But given that the majority of women who hunt target prey like small mammals 
and other animals, so by examining these species it may be possible to obtain an improved, 
potentially more realistic, representation of gender balance when considering ancient hunting 
practices. Moreover, the same observation could be said to be true for other demographics, such 
as children (which are considered below), the elderly and the infirm, as their roles have equally 
been overlooked in zooarchaeology. But they too would often have contributed to a group’s 
economy by acquiring faunal dietary resources, and while hunting large species would be 
unviable for many of them they could easily participate in acquiring small prey, such as by 
hunting, snaring and trapping. 
 It is unknown if any or all prehistoric women had some involvement in hunting, and 
whether this was generally typical of them all or varied between groups. Alternatively, it may be 
that they did not ‘traditionally’ hunt but the growing need to increase dietary returns around the 
time of the Pleistocene-Holocene transition provided the catalyst for them to start. Ethnography 
shows that when women hunt the majority acquire smaller species, and the Upper Palaeolithic 
undoubtedly saw a marked increase in the prehistoric utilisation of small animals in many 
places. It also raises certain questions. For example, did this increase in smaller prey within 
archaeological assemblages mean that women were starting to hunt to increase resources, or did 
women always hunt and necessity resulted in intensification in them hunting more than 
previously? The upshot is that it is possible that the Broad Spectrum Revolution had greater 
consequences and socio-cultural impact than previously thought, in terms of changes and 
subsequent repercussions on the internal group dynamics, especially following any obligatory 
changes to the roles of both women and men done out of necessity. This in turn could have 
precipitated a shift in attitudes towards women hunting. 
 
 In conclusion, the assumption that hunting is entirely a male preserve is clearly 
misguided and incorrect, as shown by the above ethnographic examples of women’s 
involvement in hunting, though the main limiting factor that defines whether women hunt or not 
seems to be socio-cultural dictates. So it is highly likely that prehistoric women hunted, though 
there may well have been spatial, temporal, and cultural variation in their participation and the 
nature of it. Based on their fieldwork with the Agta, Estioko-Griffin and Bion Griffin (1981, 
145-6) suggest that “…in acquisition of small game, all but the most pregnant females should 
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be competent…” and even that “…small animals should fall into the same category as gathered 
plant foods...” They conclude that “…Permutations of the woman the hunter model may be 
extended through the Pleistocene and into the present…surely western European classic 
Neanderthal women would have participated in the hunt…” But from the current archaeological 
evidence we can only speculate as to whether prehistoric groups employed similar practices to 
any of those mentioned above, and if there were specific engendered roles within hunting and/or 
foraging.  
 
3.2.5.1.2 Hunting by children and juveniles 
Besides women hunting small mammals, there is both archaeological and ethnographic 
evidence for hunting, or learning to hunt, by children and juveniles, which is unsurprising given 
that as adult hunters they would mainly be responsible for large prey acquisition within the 
group or tribe. Children learning to hunt would have to start somewhere, and acquiring such 
skills would take time and practice, or develop their skills through games. For example, Hopi 
children played Aasa’tinuma, a game where players had to throw their own stick as close to 
another as possible, in order to hone their hunting skills (see 3.2.1.2) (Riley 1952, 310; 314-
315). It is also feasible that in prehistory younger group members were responsible for acquiring 
smaller game, and would start when very young and gradually progress onto larger species. 
Items occasionally found well-preserved in the arid rock-shelter sites of the Lower Pecos 
Canyonlands (Texas) include miniature bows and scissors snares, which were most likely used 
by children to learn how to hunt (University of Texas at Austin 2008), with such items 
employed on suitably-sized prey, or used for practising on inanimate objects. It is possible that 
prehistoric European children had similar items, though unfortunately these have not survived.  
 Ethnography shows that children become competent hunters at quite an early age. For 
example, Aka children were capable of net-hunting and butchering animals by the age of ten, 
dividing them according to tribal rules (Hewlett and Cavalli Sforza 1988, 929-930), while 
children in the eastern United States were recorded as using blowguns (3.2.1.3), which consisted 
of a single tube made from Arundinaria macrosperma, and darts to hunt, though were not 
allowed to use poison (Riley 1952, 310; 314-315). Most start young and gradually learn to 
obtain small prey (see the Hadza below) before progressing onto larger species. 
 Hunting by children is seemingly dependent upon age-specific return rates relative to 
available food resources and the degree of processing required for nutrient extraction. In hunter-
gatherer cultures like the Hadza, boys from the age of two use miniature bows and arrows 
tipped with an Acacia thorn. They are not taught, but learn by copying adult hunters and 
practice by hunting small fauna like insects and lizards that are not eaten, gradually progressing 
onto larger weapons and prey with age. By the time they are c.10 years old they are able to 
make and use their own bows and arrows to provide meat from birds and small mammals, such 
as hyrax and squirrels (Figure 3.31). Other hunting methods employed include the use of traps 
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or snares, made from wildebeest or giraffe tail hairs, and occasionally meat is scavenged from 
other predators (Woodburn 1970, 45-47).  
 Film footage of the Hadza from the 1960s records boys aged c.10-11 years-old hunting 
rock hyrax. They would first capture a baby hyrax by removing it from its burrow and bite it to 
make it cry out, so using it as a lure for larger ones, which would be attracted by the cry; these 
would then be killed with a bow and arrow (Woodburn and Hudson 1966). It is possible that 
within Europe prehistoric children acquired hunting skills in this way, using this technique (or 
one similar) to catch small prey, such as marmots. While ethnographic analogy has to be used 
carefully it is possible that such practices were also common for prehistoric hunter-gatherers; 
although inter-cultural variability means that what is applicable for one group may be an 
anathema to another, and the possibility that current practices used by modern hunter-gatherers 
may be recent developments cannot be excluded. 
 
  
Figure 3.31: Hadza boys learn to use bows and arrows from a young age. Left: Boy aged about 
two years old. Right: 10-11 year old boy with a caught hyrax hanging off his belt (Woodburn 
1970, Plates 22;24). 
 
 There is a further incentive for children to learn to hunt within certain societies. 
Research in Malawi by Williamson (1942, cited by Morris 2000, 190) records that men, and 
older women, invariably get the greater share of the food, especially meat, with women and 
young children then receiving a small amount, but supplementing this with snacks. In regard to 
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food the group that fared the worst were young boys between the ages of eight to fourteen, as 
they were not strong enough to compel their mother to give them food, and too young to work 
and earn money. Consequently, they spent much time involved in subsistence activities, 
including fishing, gathering fruit, collecting insects, and digging up mice to feed themselves 
(Morris 2000, 190). Mice are relished in Malawi, and their taste enjoyed. Some indication of 
this is shown in the following extract, which the same author records verbatim from an essay 
written by a young boy from the Lilongwe district: 
“…I saw a mice jumping in our school garden… it entered its hole and we went to our class and 
took the hoe and started to dug the hole…I took a big stick and hit on its back…when it was 
died…I took a smallest stick and I started to remove its hair and after that I remove all the 
wastes in its stomacheache and I went and throw them in our pit…I started to washed it and 
when it was clean I took it and put in the pot...and I started to cook it and cooked it side by side 
and when it was well cooked I took it from the pot and put it between two sticks called mpani in 
Chichewa. And I ate it with a good food called msima, I was with my uncle, my sister, my aunt 
and my father and I cut it into four parts and I divide it from them. We were happy because we 
have a good super at that time…” (sic)(Morris 2000, 190). 
 
 Boys in Malawi seemingly started hunting while young, forming groups of three to six 
individuals to dig up mice, ‘hunt’ crickets with bow and arrows, and hunting species like hare, 
hyraxes, duiker, and elephant shrews with dogs. As they become older they start accompanying 
groups of older men on communal hunting expeditions (Uzimba), where they learn most about 
hunting and ecology of larger mammals. These traditional hunts, which occurred in the dry-
season, involved women and children setting fire to three sides of an unburnt area of grassland. 
As the animals emerged from the fire they would be killed with bows and arrows, spears, and 
knobkerries
17
 (Morris 2000, 88-89). 
 Hunting by women or children is not restricted to warmer areas of the world. Among 
the Copper Eskimo it is the women and small boys of the Copper Eskimo who are mainly 
responsible for snaring marmots (Stefansson 1913, 457), while Jenness (1923, cited in Brown 
1970, 1076) records that there were women seal hunters. In Eskimos groups, a boy’s rite of 
passage to manhood is dependent upon him killing his first seal. 
 
3.2.5.2 Prey division 
The practice of hunting small mammals also raises other questions, such as the issue of dividing 
the spoils of a successful hunt, and whose role it was to undertake this. Ethnography shows 
variation in these practices within different tribes or groups. Mueller Epstein (2012, 158) 
records that the rules of sharing varied with the species, the participants and whether they had 
specific roles, as well as ‘consideration of special circumstances’. For example, the Cattail-eater 
                                                     
17
 A knobkerry is a stick with a clubbed head (Morris 2000, 91). 
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country Paiute (Nevada, USA) carried out jackrabbit drives. Those animals caught in a man’s 
net belonged to him, but any hunters killing the jackrabbits before they reached the net would 
keep their kills. Hunters also gave away some of their family’s jackrabbit catch to widows or the 
infirm (Fowler 1992, 78, cited by Mueller Epstein 2012, 161), while neighbouring groups would 
sometimes donate meat to hunters who were unsuccessful, though would keep the skins (Fowler 
1989, 28, cited in Mueller Epstein 2012, 161). However, the information gathered from 
informants can vary, and Kelly (1932, 88, cited in Mueller Epstein 2012, 161) records that while 
one stated that each drive participant received one rabbit and the surplus went to the headman
18
, 
another claimed that the rabbits were divided, though where the yield was ‘unusually high’ the 
surplus went to the headman. 
 Similarly, there would probably have been cultural variation in prehistory, with the prey 
either shared among those who contributed to the hunt or divided amongst everyone within the 
group. It may have varied according to whether the prey was trapped or actively hunted, and 
shared evenly or disproportionally, with the hunter perhaps getting a greater proportion. There 
may even have been proscribed attitudes to hunting prey. For example, the Serrano would not 
eat game caught by someone who was considered ‘under age’ (Ramon and Elliot 2000, 483-
485). 
 
3.2.5.3 Hunting rituals and superstitions 
Another aspect for consideration, though often fairly indeterminable from the archaeological 
record, is whether there were any rituals surrounding hunting in prehistory. In many 
contemporary hunting groups there are often ceremonies or customs that are performed 
beforehand and/or afterwards to supplicate or thank animal spirits or tribal deities for a 
successful hunt and safe return, to ensure future triumphs, or to thank the spirit of the creature 
that has been caught. McNiven and Feldman (2003, 173) defined these ‘magico-religious’ 
ceremonies as being of two sorts, either ‘immobilization’ rituals to improve weapon efficacy or 
help hunters advance on and kill prey, or ‘allurement’ rituals to attract the prey towards the 
hunter. Examples include the Wola of Papua New Guinea who recite incantations to render 
game ‘blind’ as they approach traps (Sillitoe 2002, 69), while the Torres Strait Islanders 
‘negotiate’ with the dugongs they hunt through a proscribed series of rituals. There is also 
evidence for their ritual treatment of bones, especially skulls, to improve hunting success. 
Dugong bone mounds provide an insight into the human-prey spiritual relationship, and are 
special ritual sites associated with hunting magic (McNiven and Feldman 2003). Finally, there 
is ‘apotropaism’, the use of magic charms to bring luck; for example the Yintjinnga harpooners 
(North Queensland, Australia) who use ‘magical’ lumps of beeswax to help them hunt dugong 
(Thomson 1934, 240).  
                                                     
18
 The person owning the net that was used 
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 Many such rituals are connected to hunting in general; and more seem related to larger, 
potentially more dangerous species, or hunting in liminal areas such as at sea. However, there 
are similar rituals specifically connected to hunting small mammals. For example, in Canada 
beaver were considered the staple resource for the Mistassini Cree Indians (Quebec) who had 
various rituals and customs surrounding its hunting and eating. Hunting magic was related to the 
moment it was killed, while the fur of the first beaver caught each winter was burned ready for a 
special feast (Tanner 1979b, 144; 165). To the North American Hopi, rabbit hunts were 
important social events that had various religious aspects and ceremonies associated with them. 
The rabbit featured in many Hopi folktales and legends but was not represented by a spirit or 
‘katsina’ (Bahti 1985). 
 Ethnographic and ethnohistoric sources also provide useful information on practices and 
superstitions that would otherwise be invisible to archaeology. One such example is a 19th 
century account of an annual Pueblo rabbit hunt, recorded by ‘J.M.S.’ writing in the New York 
Evening Post. The writer outlines the shaman-led ceremonies and rituals that the Pueblo would 
regularly engage in prior to the hunt, such as dances and the placing of prayer-plumes (sticks 
decorated with specific colourful bird feathers). Rabbit bones also played an important role: 
“…In front of every Pueblo village, facing to the east, is a shrine…with two chambers. The 
shrine is topped with a smooth stone. Into these chambers and around the shrine are thrown the 
skulls and bones of rabbits killed at the hunt. At the next annual drive new bones are placed at 
the shrine. Each Indian engaging in the hunt is supposed to take from the shrine a charm in the 
shape of a bone of one of the rabbits, but in reality he has carved from stone a fetish resembling 
that part of the rabbit which strikes his fancy. This is supposed to give him luck in the drive. 
Bundles of prayer-plumesi, enclosed in sacred corn-husks, are placed in the shrine; and when 
the ceremonial of each Indian hunter taking his peculiar charm has ended, the shrine is closed 
until the next annual drive…” ('J.M.S.' 1895) (see Appendix G for whole account). 
 
 In Central America, the Mayans believed that animals had a supernatural guardian that 
had to be appeased through special rituals and sacrifices before and after hunting, to ensure 
regeneration of such species for future hunters. This comprised offertory sacrifices before 
hunting to ask the guardian for permission to take an animal. If hunting was successful the 
hunter would curate some remains that would later be deposited in a ritual fauna cache to thank 
the guardian. Evidence of this practice has been found at various sites near Lake Atitlán in the 
Guatemalan highlands, such as Maname'l, where shrines of ritually deposited small and large 
fauna have been found (Figure 3.32) (Brown 2005, 131-132). 
 As with similar shrines used for hunting ceremonialism, Maname'l was associated with 
rock formations. Inside the shelter was an altar, and evidence for sacrificial offerings being 
burned on a hearth. Nearby was the faunal cache, with remains of eight different species 
including greater grison or weasel (Galictus vittata), nine-banded armadillo (Dasypus 
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novemcinctus), paca (Agouti paca), coati (Nasua narica), and grey fox (Urocyon 
cinereoargenteus). While some limb bones were present, the most abundant parts were crania, 
which formed over 60% of the assemblage, and with mandibles comprised 84%, indicating a 
predominant deposition of heads. However, species and element abundance varied between 
sites, so others contained more post-cranial elements (Brown 2005, 135: 137). 
 
 
Figure 3.32: Ritual faunal cache deposit at Maname'l cave (Guatemala) (Brown 2005, Fig.4). 
 
3.2.5.4 Ethnographic example of hunting and trapping 
Case Study: Arabuko-Soroke Forest (Kenya) 
Although outside temperate Europe, some idea of potential methods and outcomes may be 
determined from a study into the hunting or trapping methods used in Arabuko-Soroke Forest 
(Kenya) by local hunter-gatherer communities. This showed a broad range of animal species 
was exploited for food, ranging in size from small mice, rats, and elephant-shrews to yellow 
baboons (Table 3.2), ungulates (such as bushbuck), rhino and elephant, with little meat wasted.  
 
Table 3.2: The average number and biomass (kg) of animals taken in a year by one hunter. 
Buffalo, bushbuck and giant pouched rat were also taken (FitzGibbon et al. 1996, Table 
10.1). 
Species Number killed Biomass (kg) 
Hunted (H) or 
Trapped (T) 
4-toed elephant-shrews 47 11.8 T 
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Golden-rumped elephant-shrews 26 14.3 T 
Syke’s monkeys 19 95.0 H & T 
Yellow baboons 11 176.0 H & T 
Bushpigs 6 480.0 T 
Aardvarks 5 275.0 T 
Duikers 2 12.0 H & T 
Squirrels 4 1.2 T 
Mongooses 5 4.5.5 T 
 
 Hunting methods employed included bows and poisoned arrows, spears, dogs, and 
catapults, and tended to target specific species. Trapping devices mainly comprised snares, as 
well as some drop traps, but focussed on animals of a particular size, although specific species 
could be targeted by placing the traps in particular places, such as along animal trails or outside 
burrows. These were checked daily to prevent carcasses being stolen by other trappers or eaten 
by non-human predators, or ants. The location of these activities differed, with hunting 
predominantly undertaken throughout the forest and trapping concentrated on its periphery, but 
rarely more than 1-2km from it, and was not prey density dependent (FitzGibbon et al. 1996, 
150-152). Traditionally, hunting and trapping were both carried out by men, who were 
sometimes accompanied by their sons. Comparison between the two methods showed that 
trapping was more reliable as a third of all traps generally caught something each day, while 
only 34% of all hunting trips were successful. However, hunting produced a higher yield of 
meat per hour spent; namely c.5.5kg of meat per hour spent, compared with c.2.9kg from 
trapping (FitzGibbon et al. 1996, 154-155). 
 
3.3 Archaeological evidence for prehistoric hunting and trapping in 
Europe 
The very presence of surviving culturally modified zooarchaeological remains indicates that 
successful prey acquisition occurred by some method, but establishing how prehistoric hunting 
or trapping could be identified archaeologically is a major consideration. The earliest, and 
perhaps easiest, means of acquiring meat would have been through scavenging, which may have 
been practised to varying degrees throughout prehistory, and particularly during the earlier 
Pleistocene as it is unclear when hunting started. However, recent research at FLK Zinj, Olduvai 
(Africa) suggests that Oldowan hominids at that site had access to fleshed carcases, rather than 
relying on passive scavenging, as early as the Plio-Pleistocene (Villa and Lenoir 2009), though 
regional variation in adopting the practice is most likely. There are suggestions that complex 
behaviour recognised as ‘hunting’ might not have begun until the later Palaeolithic (Bricker et 
al. 1993), with Binford proposing that it appeared just prior to the emergence of ‘modern man’ 
(Binford 1985, 321 cited by Bricker et al. 1993, 1). Based on research in Africa, Shipman 
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(1983) suggests the criteria for identifying such practice may include animals of a wide variety 
of sizes with a tendency for larger animals and few juveniles, and a broad habitat range. 
 From examining ethnographic examples, it is likely that the first, and most basic, form 
of hunting ‘weapon’ was probably a stone, rock, or stout branch, which would have been 
thrown at an animal to debilitate or kill it, or merely used to hit slow-moving species over the 
head! With regard to smaller, slow-moving prey there is certainly evidence for consumption of 
species like tortoises (Testudo hermanni) at European sites, including Cova del Bolomor 
(Spain), with the presence of cut-marks, burning, impact flakes and percussion marks associated 
with processing present on bone remains (Blasco 2008). There is clear evidence for exploitation 
of great auk (Penguinis impennis) by Palaeolithic peoples, probably when the birds came onto 
land to breed (Clottes and Courtin 1996, 129). Although these large flightless birds were 
excellent swimmers that usually lived well away from land, they would have been found 
moving on land a slow laborious process, rendering themselves, eggs and nestlings easy prey to 
hungry hominins. In North America it has been suggested that porcupines could be easily 
obtained using a rock or stick, though they were considered poor fare (Frison 1991, 328). 
Consequently, slower European small mammals are likely to have suffered the same fate at the 
hands of hungry prehistoric hunter-gatherers, provided they did not taste too unpleasant. 
 Unfortunately, identifying such activity from archaeological remains is ambiguous. 
Wood rarely survives, randomly-used stones or rocks discarded after use are not likely to be 
recovered, or if recovered are unlikely to be identified as hunting weapons unless they had been 
repeatedly used to the point of becoming modified by damage or subjected to blood residue 
analysis, though this technique can be unreliable, giving ambiguous results (Shea 2006, 824). 
Even when recognizable used weapons are recovered there are few ways of identifying the exact 
strategies or techniques used for hunting or trapping small mammals. Despite this, proof of the 
practices employed does occasionally survive. This includes osteological evidence on the bones 
of prey animals, which provides direct evidence of hunting, or more indirect evidence from 
extant material culture remnants. These are now examined. 
 
3.3.1 Osteological evidence in prey 
A technological ‘breakthrough’ in hunting methods would have been the development of 
projectiles, which are among the earlier hunting weapons. Examples include Lower Palaeolithic 
wooden spears from Schöningen (Germany), which may have been thrust or thrown short 
distances (Thieme 1997). An even safer way to have hunted large species would have been with 
bows and arrows, which would enable hunting while keeping further from dangerous prey. They 
are generally thought to have been in use from Late Palaeolithic times, between 40,000 to 
45,000 years ago (Shea 2006, 823), though remains from Sibudu Cave, KwaZulu-Natal (South 
Africa) have recently been interpreted as indicating that bows and arrows could have been used 
up to 64,000 years ago there (Lombard and Phillipson 2010). 
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3.3.1.1 Hunting: Bone lesions 
One possible indicator of hunting by humans is projectile-induced traumatic changes in bone 
from hunting weapons, with such evidence comprising either unhealed or healing lesions in 
bones, though identification of such wounds is rare (Smith et al. 2007, 540). Examples include a 
c.500,000 year-old rhinoceros scapula from Boxgrove with a probable spear wound 
(Kouwenhoven 1997), and at the Danish Maglemosian sites of Lundby Mose and Mullerup 
(Sjælland), where bones of swan and large ungulates (such as roe deer and wild boar) were 
perforated or contained flint fragments, indicating hunting (Leduc 2012). 
 
 
  
Figure 3.33: Damage to bones from wooden spears. Top) Saw toothed breaks in a rib. Below) 
The effects of thrusting spear on scapulae (Smith 2003, Figs.2,5 and 4). 
 
 Various experiments have been undertaken to examine the effect of different projectiles  
on bone. Smith (2003) used wooden spears on lamb carcases to see whether it was possible to 
differentiate between those thrown (javelins) and those thrust into prey, eventually concluding 
that such differentiation was not possible. The effects produced in bone from these experiments 
included ‘saw-toothed’ fractures in ribs and vertebrae, puncture wounds in scapulae (Figure 
3.33), and ‘fresh’ spiral fracture in a humerus. 
 Experimentation into the effects of stone-tipped projectiles on animal bone was carried 
out by Smith et al. (2007) using various shaped flint-tipped arrows (Figure 3.34), which showed 
these produce lenticular shaped punctures with internal bevelling, and variation in the 
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macroscopic appearance of the internal and external surfaces (Figure 3.35). Mention was also 
made of possible variation in puncture morphology due to the characteristics of different lithic 
materials used to make arrowheads, such as sharp obsidian and coarser chert. 
 
   
Figure 3.34: Examples of the type of arrowheads used in the experiments: a) leaf-shaped and 
b) barbed and tanged (Smith et al. 2007, Fig.2). 
 
 
Figure 3.35: a) ‘External’ and b) ‘internal’ punctures in pig scapulae produced by flint-tipped 
arrows (Smith et al. 2007, Fig.3). 
 
 Research into the effect of osseous projectile points on bone has also been carried out 
using experimentation with Magdalenian-type antler points on bones of ox calves and deer 
(Letourneux and Pétillon 2008), though such points were apparently not used in Europe until the 
Upper Palaeolithic (Villa and d’Errico 2001, cited by Letourneux and Pétillon 2008). The 
results showed three main types of traces, namely scapula perforations, and punctures (Figure 
3.36), and notches (Figure 3.37), the most commonly occurring sort of impact trace in bones 
other than those. Both the latter two traces reflect the cross-sectional shape of the projectile and 
may occur with cracks (Letourneux and Pétillon 2008, 2855-2856). 
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Figure 3.36: Bone damage caused by firing osseous points with a spear-thrower into a) ox calf 
radius and ulna and b) deer ribs (Letourneux and Pétillon 2008, Fig.4). 
 
 The above-mentioned authors suggest that the type and frequency of impact trace varies 
according to intrinsic factors like bone morphology and size, bone density and the degree of 
mineralisation, hence these patterns may vary completely between different species as well as 
for animals of different ages and those whose bone structure or density is compromised by poor 
health or disease. This also accounts for embedded fragments being more likely to arise in adult 
animals than juveniles. Other suggested potential variants were ‘extrinsic’ factors like 
equipment and distance from target, though no qualitative difference was noted between using 
lighter or heavier projectiles. Other materials, such as bone or ivory, could possibly leave 
different impact traces, but as they share similar properties it is unlikely (Letourneux and 
Pétillon 2008, 2856). 
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Figure 3.37: Notches in bones produced by firing bone points with a bow into a) deer ribs and b) 
ox calf vertebra (Letourneux and Pétillon 2008, Fig.2). 
 
 
Figure 3.38: SEM images showing the microscopic effects of flint on bone. a) Longitudinal 
striations on a sheep femur made by cutting it with a flint blade. b) Incised defect produced by 
an arrowhead striking bone at an angle (Smith et al. 2007, Fig.7). 
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 However, all these experiments were performed on bones of larger mammals, and while 
the results may be equally applicable to smaller species the reduced size of their bones could 
potentially mean that the effects of such trauma could be more severe. While a flint arrowhead 
striking the limb of a larger animal could become embedded in the bone or created a puncture 
wound as described above, a similar-sized arrowhead striking the limb of a smaller mammal 
may severely fracture that limb bone, even severing it completely. Consequently, further 
experiments to examine these effects on smaller bones may be useful to see if characteristic 
fracture patterns are produced in the bone, or the nature of any other skeletal disruption. 
 
3.3.1.2 Hunting: Projectile fragments in bone 
Another unequivocal means of potentially identifying the hunting method is from the presence 
of whole or fractured in situ remnants of lithic projectile points in the bones of prey animals, 
though it is suggested that embedded fragments are more likely to arise in adult animals than 
juveniles (Letourneux and Pétillon 2008, 2856). Examples from larger mammals are well-
documented, such as seen on red deer (Cervus elaphus) and wild boar (Sus scrofa) skeletal 
remains from Mesolithic Denmark (Noe-Nygaard 1975), the Palaeolithic elk (Alces alces) found 
at Poulton (Hallam et al. 1973a), and a cave bear (Ursus spelaeus) vertebra from Hohle Fels 
(Figure 3.39a and b), within which was embedded a triangular flint, probably from a spear or 
lance (Münzel, Susanne C. and Conard, Nicholas J. 2004). 
 
     
a) 
Figure 3.39: a) Thoracic 
vertebra of cave bear with 
flint embedded close to the 
costal facet on the 
transverse process 
(Münzel, Susanne C. and 
Conard, Nicholas J. 2004, 
Fig.10). 
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 Yet occasionally such evidence is also found on the bones of smaller mammals. For 
example, a large assemblage of marmot (Marmota marmota) remains recovered from the Upper 
Palaeolithic site of Colomb Cave (Vercors, France) included scapulae with evidence of lithic 
projectile use. This included several bones with impact marks, and a right scapula with 
fragments of flint microliths embedded in it (Tomé and Chaix 2003) (Figure 3.40), interpreted 
as originating from a thrown weapon (Tomé 2005b, 17). This method may have constituted the 
usual practice for hunting such smaller species, or perhaps used by less experienced members of 
the group as a method of honing hunting skills, which could later be applied to larger, more 
dangerous species. 
 
   
Figure 3.40: Left: Impact mark made by a lithic projectile. Right: Scanning electron micrograph 
showing a fragment of lithic projectile embedded in the right scapula of a marmot from the 
Upper Palaeolithic site of Colomb Cave (France) (Tomé and Chaix 2003, Fig.2; Tomé 2005, 
Fig.5). 
 
 Microscopic examination of bones with puncture marks has revealed that even if the 
bulk of the flint projectile did not remain in the bone, having fallen out spontaneously or 
b) 
b) Enlarged view of cave 
bear vertebra with 
embedded flint (Münzel, 
Susanne C. and Conard, 
Nicholas J. 2004, Fig.11). 
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following its deliberate removal, it often leaves behind small, embedded flint fragments (Figure 
3.41). This feature has been seen on bones from archaeological sites, including a Neolithic pig 
humerus from Durrington Walls (Smith et al. 2007, 546). There is a scarcity of smaller mammal 
bones found with evidence of such trauma, especially compared with those of larger species. 
This may simply be due to archaeologists simply not looking for such evidence in smaller 
animals, or it could indicate that this was not the usual method for hunting species such as 
marmots. Another alternative may have been that non flint-tipped projectiles were used; and 
there is certainly ethnographic evidence for using wooden-tipped arrows. 
 
 
Figure 3.41: Left: Flint fragment from projectile fired into bone from a bow. Right: S.E.M. image 
showing small residual flint fragments in the bone after removing the main fragment (Smith et al. 
2007, Fig.5). 
 
3.3.1.3 Trapping/snaring 
Identifying the use of traps or snares from archaeological remains is equally difficult. One 
potential method of capture was using fall traps or pit-falls, where the animal would have fallen 
into a dug pit and been unable to escape. Animals falling into such traps may have sustained 
limb injuries and fractures, but these would be difficult to distinguish from bone modification 
deliberately caused during processing or consumption, especially if bones were fresh and both 
scenarios would produce bones with fresh, ‘green’ spiral fractures.   
 Other methods of prey capture include the use of snares. Today these are often made 
from wire or metal, making them more likely to cut deep into muscle and damage bone, but 
these were not available in early prehistory and most items would have been crafted from 
organic materials. The nature of these materials means that most resultant trauma is more likely 
to create soft tissue damage than bone damage. Even if bone was damaged most evidence would 
probably be obscured or obliterated during subsequent processing or cooking activities. Again 
there is the issue of the lack of preservation of such items, all of which generally makes using 
traps or snares ‘invisible’ archaeologically. 
 Very occasionally bones are recovered which suggest that certain types of trap or 
methods were used, resulting in different trauma signatures on the bones, from which the 
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technique employed could be suggested or identified. For example, pine marten skulls 
recovered from the Mesolithic site of Ringkloster (Denmark) (Figure 3.42) exhibited 
symmetrical depressed fractures of the parietal bones that the author suggested were probably 
caused by a trap (Andersen 1994-95).  
 
 
Figure 3.42: Bilateral symmetrically depressed fractures in the parietal bones of a pine marten 
skull that were probably sustained during trapping (Andersen 1994-95, Fig.38). 
 
 The type of trap used is not clear, but one possibility was that the animal was caught in 
a contraption similar to a ‘scissor snare’ (Figure 3.43). Such traps are recorded as used in North 
America to hunt small mammals like rats, mice, prairie dogs, and rabbits. The snares were 
seemingly formed from two sticks that were joined at one end, while a third stick was used to 
‘set’ the snare by propping it between the V-shaped jaws formed by the other sticks. This was 
then baited. When an animal tried to remove the bait from the trap, the jaws would spring shut, 
pinning the animal and choking it (University of Texas at Austin 2005). It is possible that a 
similar device was used to catch the Mesolithic pine martensclamping shut onto both sides of 
the animal’s head simultaneously with a force when sprung, perhaps when the animal tried to 
get out of the trap quickly, and producing the bilateral depressed fractures found on its parietal 
bones  .
Depressed fracture 
Depressed fracture 
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 Campbell (2005, 62) describes this kind of trap as a “…slip-noose spring snare…” 
where “…two loosely jointed sticks turn the ‘noose’ into a neatly levered nutcracker…” that 
produces the greatest pressure near the hinge. He states that the Mohave set these traps 
vertically with the hinge end on the ground to hunt large mice, rats, and kit fox. A line of 55 
such snares were recovered from Ord shelter, an area where jackrabbit, cottontail, ground 
squirrel, pack rat, kangaroo rat, and mice would have been common. An alternative possibility 
was that the pine marten lesions resulted from fired projectiles, though the near-symmetrical 
nature of these injuries makes it less likely. But research into the effects of modern field-tipped 
arrows on bone showed that they tend to produce circular indentations that corresponded to the 
conical shape of the arrowheads rather than totally puncturing it in the way that larger, more 
robust, flint-tipped arrows did (Smith et al. 2007, 546). Consequently the indentations on the 
skull could reflect hunting with blunt arrows rather than trapping, or a combination of the two, 
with blunt arrows used to dispatch a trapped pine marten with very sharp teeth! 
 
3.3.2 Osteological evidence: Human/hominin 
A further possible way of identifying hunting practices is from the osteological evidence on 
human skeletal material. The potential evidence is briefly discussed here, for completeness, 
Figure 3.43: A ‘scissors snare’ 
from a Texas dry cave, made from 
wood and fibre. The ‘jaws’ were 
designed to snap shut on any 
animal that tried to remove food 
from the trap (University of Texas 
at Austin 2008). 
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though it is acknowledged that it would be difficult to specifically attribute this to hunting small 
mammals. 
 
3.3.2.1 Evidence of trauma on skeleton 
It is possible that hominins suffered injury in the course of hunting, though such trauma is much 
less likely to be linked with the majority of smaller mammals, but non-ungulates such as dog, 
wolverine, and especially bear (even small, young ones) could have inflicted nasty, sometimes 
fatal, injuries.  
 
3.3.2.2 Asymmetry in arm bones 
Activity-related asymmetry has been demonstrated in the upper arm bones (humeri) of longbow 
archers of the Mary Rose (Stirland 2000b) and the Battle of Towton (Knüsel 2000), and it is 
possible that similar hypertrophy occurred in the bones of the spear-throwing arms of 
prehistoric hunters. However, while any such condition could be the result of hunting any or all 
species, or warfare, it would be difficult to specifically link it to hunting small mammals, and 
could result from a completely unrelated activity. 
 Examination has been made of human remains from Early to Middle Holocene 
(Mesolithic) burials on the Indian subcontinent. Those examined came from open-air, rock-
shelters and cave burial sites, where the remains of small and large animals had been found 
along with evidence of lithic weapons; in Sri Lanka, microlith technology has been radiocarbon 
dated to as early as 32,000 BP (Kennedy 2004, 127). In particular, examination of adult males 
from a cave burial site at Bhimbetka (Madhya Pradesh), and plains burials at Sarai Nahar Rai, 
Damdama, and Mahadaha (Uttar Pradesh), revealed a high incidence of hypertrophy of the right 
ulnae muscle attachments (Figure 3.44). This was suggested by Kennedy (2004) as relating to 
the recurrent use of spears, due to the pronounced supinator muscle crests, who considered 
“…these enthesophytes were markers of occupational stress related to spear throwing, which 
involves vigorous musculo-skeletal actions of arm supination and hyperextension…”. Though 
he admits that even other recurrent daily chores, such as using digging sticks to extract tubers 
and roots, could also cause supinator hypertrophy (Kennedy 2004, 128-129). Moreover, even if 
these changes resulted from hunting it would be difficult to specifically link it to hunting small 
mammals, as it is likely that spears would have been used to hunt both large and small species.  
 Research was also carried out by Molnar (2006) into prehistoric activities, such as 
archery, kayaking, and harpooning or spearing, and the potential resultant musculoskeletal 
markers. The sample examined comprised 24 men and 15 women from a range of age groups, 
recovered from the Middle Neolithic (2750–2300 BC) cemetery at Ajvide (Gotland), and 
identified “…significant positive correlations were observed in male individuals in muscle 
groups associated with archery and to some extent harpooning, an indication that these activities 
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would mainly have been performed by men…” (Molnar 2006, 12). However, the skeletal 
changes could not be specifically attributed to these activities. 
 
      
Figure 3.44: Hypertrophy on the ulna of an adult male from a Mesolithic burial at Sarai Nahar 
Rai, on the Gangetic Plain, India. The attachments of the supinator muscle on the supinator 
crest, and anconeus muscle are particularly pronounced (Kennedy 2004, Fig.3). 
 
3.3.3 Material culture evidence 
Another way of identifying hunting is from surviving material culture, which includes artefacts 
associated with animal exploitation; namely those items used for their procurement, processing, 
storage, or cooking, as well as artefacts made from animal remains and by-products. But while 
some of the artefacts used were made from inorganic material and often survive well, the vast 
majority utilised organic materials, resulting in problems associated with the preservation and 
survival of these artefacts. However, a few examples are known. There is documentary evidence 
for the use of blowguns in South America, as well as archaeological evidence. Yde (1948, 276) 
records that one was found in a Peruvian grave on the south coast of the country, describing it as 
‘…long tube with perfectly polished interior, hollowed ends, and…fine ligatures at certain 
intervals…’; while many are fragmentary this is in reasonable condition. 
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3.3.3.1 Inorganic equipment 
Lithics: 
Fortunately for archaeologists, stone materials usually survive in most contexts, providing a 
useful means of learning about the lifestyles and weaponry (whether for hunting or warfare) of 
past peoples. The earliest lithic weapons comprise spears or darts (used with atlatls), while bows 
and arrows were developed later. The use of fired projectiles (arrows) is well-recognized and 
well established from the Mesolithic onwards in Europe with the widespread use of microliths, 
but evidence for the initial use of fired projectiles and using bows and stone-tipped arrows 
began in the Upper Palaeolithic (Bar-Yosef 2002, 367). However, there are geographical 
variations as to when they were first used, and in KwaZulu-Natal (South Africa) it is thought 
that their use might have begun c.64,000 years ago (Lombard and Phillipson 2010). 
 Although lithic artefacts usually survive well in archaeological contexts it is 
unfortunately often difficult, if not impossible, to attribute specific lithic points and spears as 
being used on a particular species or for small mammals, as most were likely used on a range of 
species or different-sized prey. The recovery of bone and flint points at several Spanish sites, 
such as Malladetes and Cova Beneito (Figure 3.45) where rabbit was seemingly frequently 
hunted during the Upper Palaeolithic and small game exploitation increased from the Holocene 
onwards (Villaverde et al. 1998), might indicate the type of artefact being used. 
 
              
Figure 3.45: Gravettian points and bladelets (3 and 4) from Malladetes and Cova Beneito caves 
(Spain) (Villaverde et al. 1998, Fig.4).  
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 It is interesting to note that the introduction of smaller lithic points at the start of the 
Mesolithic also coincided with the increased exploitation of smaller species, although such 
correlation could more accurately merely reflect improving technology at a time when there 
were fewer large faunal resources and increased accuracy when hunting was imperative for 
survival. However, evidence at sites like Mitchell site (South Dakota) shows that tiny points 
were used on large species like bison (Bradley, pers. comm.). 
 
Ceramics: 
Although the development of ceramics did not occur before the Neolithic period in Europe, 
apart from the Mesolithic Ertebølle, it is possible that the utilisation of vessels for cooking or 
processing smaller mammals could be identified from lipid residues. So far analysis has been 
restricted to larger mammals. 
 
3.3.3.2 Organic equipment: Wood, antler, ivory and bone 
Projectiles: 
Throwing sticks: 
The use of throwing sticks is well known from ethnographic and ethnohistoric sources outside 
Europe, and a number have been recovered, such as those found in a dry cave site in Texas 
(Figure 3.46). These ranged from c.45 to 60 cm in length, and would have been used to hunt 
rabbit by throwing them at the animal (University of Texas at Austin 2005). Boomerangs may 
be seen as a modified version of throwing sticks, and successfully used by Australian 
aborigines. However, they are not unique to the culture, as wooden boomerangs have been 
found in Egyptian tombs and prehistoric sites in the Netherlands and Jutland. 
 
  
Figure 3.46: These curved artefacts are wooden rabbit/throwing sticks recovered from a dry 
cave in southwest Texas (University of Texas at Austin 2005). 
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 Such weapons have been used for millennia, with the oldest boomerang found at 
Oblazowa Cave (Poland). Dating to c.21,000 years ago, it comprises a 70cm long curved length 
of mammoth ivory, 6cm thick on one side, 1.5cm on the other, with thin, tapering ends. 
Experimentation with a cast of it suggests that it was a killing stick, similar to those of modern 
aborigines in that it was not designed to return to the thrower, but intended to stun or kill the 
animal being hunted and accurate up to about 200m (650ft), which is much further than a spear 
or stone could be thrown (Lister and Bahn 2007, 135). Since then, non-return or straight-on 
boomerangs and ‘kylies’ (killing sticks) have been employed buy a range of people on five 
continents, including Polynesians, Hopi and Eskimos (Bahn 1987, 388). 
 
Javelins, spears, and atlatls: wood: 
Some evidence for the early prehistoric use of wooden weapons has been identified 
archaeologically in Europe. The tip of a wooden pointed spear made from yew was recovered 
during excavation of a Lower Palaeolithic site at Clacton-on-Sea (Essex), while an even rarer 
find (though its only connection to small mammals is its evolutionary Proboscidian link to 
hyraxes, making them among its closest living relatives today) was a straight-tusked elephant at 
Lehringen with an intact 125,000 year-old wooden spear still in situ between its ribs. The 
weapon was interpreted as a short range thrusting spear (Smith 2003, 4). 
 Three javelins c.2 metres long and dated to between 380,000 and 400,000 years old 
were also found at Schöningen (Hannover, Germany) near horse bones and lithic fragments 
(Figure 3.47). Lying close to one of the spears was a 78cm long wooden artefact interpreted as a 
possible throwing stick. While all the above were recovered with mainly large mammal 
remains, bones of smaller species were also present, including water vole (Arvicola terrestris 
cantiana), the now-extinct Trogontherium cuvieri (a beaver-like creature), birds, fish, and 
reptiles (Thieme 1997, 809). Therefore is possible that the spears were used to hunt smaller 
species. In particular, throwing sticks have ethnographically and ethnohistorically been 
associated with hunting smaller species. 
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Figure 3.47: Wooden spear, 2.30 metres-long, found at Schöningen near horse bones. Such 
projectiles could also possibly have been used to hunt smaller species (Thieme 1997, Fig.5). 
 
Spears, darts and atlatls: bone and antler: 
Besides those made of wood, hunting artefacts made of organic material such as bone or antler 
have been recovered from archaeological sites in Europe, and dated to the Palaeolithic and 
Mesolithic. These include bone and antler points, such as for sagaie and harpoons, and atlatls 
(‘spear throwers’), and other related artefacts. Such points would have been hafted onto wood to 
create composite thrusting spears or thrown, or used with an atlatl (Figure 3.48) to enable them 
to be thrown greater distances and at increased speed. 
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Figure 3.48: Various points and projectiles: throwing stick, atlatl (spear thrower), uni- and 
bifacial barbed points (Wells 1920). 
 
 As with the wooden spears, sagaiae and harpoons with bone or antler points were 
probably mainly used to hunt larger mammals, but the possibility that they were also employed 
to acquire smaller game cannot be excluded. A number of bone points dating to the 
Aurignacian, Gravettian and Solutrean periods have been recovered from Spanish caves, 
including Les Malladetes and Cova Beneito (Figure 3.49), and at the latter sites there is 
osteological evidence that small game, particularly rabbit, was frequently hunted (Villaverde et 
al. 1998). It is of course possible that the presence of smaller mammal bones and bone points is 
purely coincidental, and that the rabbits were acquired by other means, such as trapping. There 
was of course also lithic material (points) recovered from these sites. But until disproved it 
remains a possibility. 
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Figure 3.49: Aurignacian, Gravettian and Solutrean bone points recovered from various Spanish 
caves, including Malladetes and Cova Beneito where there was evidence that small game, 
particularly rabbit, was frequently hunted (Villaverde et al. 1998, Fig.3). 
 
Bows and arrows: 
A number of prehistoric wooden bows are known from Europe, the earliest of which were found 
at Stellmoor, along with over 100 arrows, and dated to ±11,000B.P. (Cattelain 1997, 222). The 
bows were straight and made of pine, though the brittle nature of this wood has led experts to 
question whether other non-surviving material such as sinew or horn was also part of it 
(Beckhoff 1968, cited by Cattelain 1997, 220). More elaborate were bows from Holmegaard IV 
(Denmark), dated to c.6,000B.C. These were plano-convex longbows made from elm (Ulmus 
glabra), that were spindle-shaped and tapered to give a handgrip, (Cattelain 1997, 152; 220).  
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 Bow use continued into the later prehistoric period. The earliest Neolithic bow was 
found recently at the site of La Draga, near Lake Banyoles (Spain), and dated to between 5400-
5200 BCE (Figure 3.50). Made from yew (Taxus baccata), the bow is 108cm long and plano-
convex in section (Universitat Autònoma de Barcelona 2012). Other bows include one from 
Meare Heath (Somerset), which was found during peat extraction. A length of 0.93m was 
found, though is estimated to have originally been 1.90m long and a maximum of 0.6m wide. It 
is described as being made of yew with a flattened lanceolate shape and cross-banded with 
narrow strengthening material (probably sinew) diagonally across it (Figure 3.51) (Prior n.d.). 
Unfortunately it is not possible to determine from the bow the nature of the prey that was 
hunted, even on sites where arrows were found as well as bows. For example, Ahrensburgian 
arrows were found at Stellmoor, and the abundance of reindeer bones suggests it was the main 
prey, but hare bones were also present and so it is difficult to prove (or disprove) conclusively 
whether small mammals were hunted in this way. However, hunting small mammals with bows 
and arrows is suggested by the arrows recovered. 
 
 
Figure 3.50: The oldest Neolithic bow, which was found recently at the site of La Draga (Spain). 
It is made from yew and is over 1 metre in length (Universitat Autònoma de Barcelona 2012). 
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
Figure 3.51:  Drawing of the Meare Heath bow, which also dates from the Neolithic (Prior n.d.). 
 
 Wooden arrows have been found at a number of sites in prehistoric Europe, and many 
include blunted wooden arrowheads, termed ‘bunts’ in modern archery (J. White (archer) pers. 
comm.), of varying shapes have been found at a number of European prehistoric sites, including 
Tybrind Vig and Ringkloster (Figure 3.52) (Andersen 1987), as well as in some of the burials at 
Yuzhniy Oleniy Ostrov (Mannermaa et al. 2008, 20).  
 Because of their blunt design these arrows have been interpreted as being specifically 
used for hunting small mammals and/or birds where the fur or feathers were principally sought. 
As such they would have enabled the skin pelts (or feathers) to be recovered intact and 
undamaged by sharp projectile points, facilitating their use for bedding, clothing, either for 
everyday wear or ornamental display purposes, or if an intact watertight skin, such as from sea-
otter or beaver, was required. Conversely, if the intention of hunting these species were meat 
acquisition it would also prevent or reduce external bleeding, which could waste a valuable 
dietary resource and source of iron. Furthermore, haemorrhage into the meat muscle from using 
more ‘traditional’ sharp points can affect its flavour, and stressing to the animal can taint meat 
flavour and while some bruising would still probably have occurred from using blunted points it 
would have been significantly less and been more contained within the muscle. 
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Figure 3.52: Possible blunt-ended bird or small animal projectiles made from hazel. Left: Bolt 
(c.36cm long) from the late Mesolithic site of Ringkloster. Centre: Wooden arrow with pear-
shaped point from Tybrind Vig (Andersen 1987, Fig.161). Right: Blunt arrowheads. 
 
 Evidence for blunt arrowheads or ‘tomary’ for hunting fur game have even been found 
in medieval Russia at the sites of Beloe Lake and Suzdal’. Bones of fur-bearing species such as 
beaver, marten and squirrel made up over 56% of the total osteological remains near Kubenskoe 
Lake, and as much as 62% on some Suzdal’ unfortified settlements, suggesting the economic 
significance of fur exploitation in these areas. Furthermore, in some cemeteries, such as Minino 
I and Vladyshnevo II, many of the earliest male burials included these blunt arrowheads, and 
likely symbolic (Makarov 2009, 545) of the fur-hunting prowess of the individual. 
 
Trapping: 
Due to the frequently ephemeral nature of any potential devices used for trapping small 
mammals the actual methods used must often remain mere speculation. Devices such as pit- or 
fall-traps would have simply consisted of holes dug into the ground that were then covered with 
branches, twigs, grass and leaves, and as such would be difficult both to locate archaeologically 
and be unequivocally identified as traps. Animals falling into such traps may have sustained 
limb injuries and fractures, but in theory these could be difficult to distinguish from bone 
modification deliberately caused during processing or consumption of the carcase. Furthermore, 
such devices are probably more suitable for catching larger prey as opposed to smaller 
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mammals. Slings and snares would also be a problem, both in terms of preservation, as they 
would be extremely unlikely to survive, and identification would also be ambiguous. 
 
Nets: 
Another method that prehistoric hunters may have employed to catch smaller prey was using 
nets, and although actual nets have not been recovered prior to the Mesolithic, there have been 
recent claims that they were made in the European Upper Palaeolithic. This is based on 
impressions of basketry or textiles in clay, and on the appearance of Venus figurines interpreted 
as wearing ‘caps’ or ‘hairnets’ made of such material, perhaps fashioned from vegetable fibres 
(Figure 3.53)(Adovasio et al. 1996).  
 
 
Figure 3.53: Left to Right: Upper Palaeolithic carved Venuses from Brassempouy (France); 
Willendorf (Austria); and Kostenki I (Russia) (Angier 1999, Photos by Steve Holland, Bill 
Wiegand, Olga Soffer). 
 
 Careful examination of impressions left in clay from sites like Pavlov I and Dolni 
Vĕstonice  II, which date from c.29,000 and 24,000 b.p. (uncalibrated), suggest the production 
of netting due to the presence of sequentially spaced knots (Soffer et al. 2000, 513), enabling 
potential reconstruction of the techniques used to create it (Figure 3.54). 
 Implements such as eyed needles that could have been used for net-making, sewing and 
weaving first appear in the Gravettian period and are found across Europe to Russia (Sungir), 
with evidence for nets at Zaraisk, and netting produced in Europe by at least 27,000 b.p. (Soffer 
et al. 2000). While some needles, such as those made from ivory, could have been used for 
sewing and even embroidery, a large needle found at Předmostí (Czech Republic) was thought 
to have been more likely used for making nets due to its size. Moreover, a bone “spear head” 
from the same site could have been a net spacer (Klima 1990, cited by Soffer et al. 2000). 
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Figure 3.54: Impression of different textiles/nets made of vegetable fibre from Pavlov (Czech 
Republic) (Adovasio et al. 1996, Fig.3a and 4a). 
 
 While there is no definite evidence for nets being used for prehistoric hunting, the fact 
that such technology was available suggests that it would have been possible. Clay impressions 
of cordage were found at Dolní Vĕstonice II and Pavlov I. This ranged from 0.31 to 1.15 mm, 
with an average diameter of 4mm, and joined with a series of weavers’ knots. Soffer et al (1998, 
cited by Pringle 1997) propose that net-hunting may account for the larger, increasingly-settled 
populations of the Gravettian period, with reduced hunting of species like mammoths with 
spears and the inhabitants instead often opting for communal hunting and drives (by children, 
women and men) of species such as hares and foxes; so producing larger returns at lower 
individual risk. Interestingly, the faunal remains from Předmostí, Dolní Vĕstonice and Pavlov 
include large numbers of bones from fox, hare and other small species (Pringle 1997). At 
Pavlov I, hare (Alopex lagopus) and fox (Vulpes vulpes) comprised 36% of the total NISP, and 
61% when the MNI was calculated. 
 There is substantial evidence for netting use in the Mesolithic, especially fish netting 
and fish traps, with nets made from various materials. The Saami used flax and the Khanty, 
Selkups and Kets of western Siberia used nettle bast collected in the autumn; ropes were also 
made from fibrous cedar or pine bark (Zalyzniak 1998). Most evidence has been found in 
relation to fishing due to nets surviving in waterlogged deposits, but similar ones could have 
been employed for hunting terrestrial small game. In southern Scandinavia there is evidence for 
net use from the Preboreal to the late Mesolithic to catch fish, but maybe also birds and seals 
(Gramsch 1987, cited by Larsson 1990b), and in the Atlantic another trapping device appears, 
comprising a wicker cage with arms (Larsson 1990b, 291). Net remains have been found at the 
early Ertebølle site of Tybrind Vig, while excavations at the Early Mesolithic site of Friesack 
(Germany) found considerable evidence for nets (Figure 3.55) and ropes made from plant fibres 
or bast, with the earliest dating to c.9600 BP. Faunal remains from this site include birds, fish, 
beaver (Castor fiber), brown hare (Lepus europaeus, wildcat (Felis silvestris), otter (Lutra 
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lutra), wolf (Canis lupus), as well as large mammals (Gramsch and Kloss 1989), with nets 
perhaps used for catching fish, birds and small mammals. 
 
          
Figure 3.55: Net fragments found at the Early Mesolithic  site of Friesack (Germany) (Gramsch 
and Kloss 1989). 
 
Residue analysis: Hair and blood 
Potential methods for identifying small mammal hunting could include biomolecular analysis, 
such as analysing residues on stone tools. This could not only identify the species hunted or 
processed with these implements, but could also help establish direct links between tool type 
and function. Examination of stone tools from prehistoric sites have occasionally yielded blood 
protein residues, while animal hairs have sometimes been found on tools from better preserved 
sites.  
 Many such finds have come from North American sites, with residue analysis carried 
out on stone tools from Hinds Cave (Texas), along with use-wear and edge-angle analysis, as 
part of research to find a correlation between tool-type and function. The results clearly 
indicated the tools had been utilised for primarily butchering rodents, lagomorphs, and 
ungulates, as the remains of hairs from these taxa were still present. The species represented 
were identified from surface and cross-sectional hair morphology, which showed that smaller 
vertebrates being processed included rabbit and larger rodents like packrat (Neotoma sp.), with 
evidence for several species on the same multifunctional tool. It was concluded that rodents 
were a “…ubiquitous component of the diet…” of the cave occupants and other prehistoric 
groups, with rabbit also being quite an important constituent (Sobolik 1996, 465-467). Studies 
in Europe include that at La Quina (France), where polymerase chain reaction (PCR) was used 
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to amplify and identified residual DNA on stone tools, indicating their use on boar/pig. This not 
only helped to understand Neanderthal behaviour on the site, but also linked the faunal remains 
at the site with stone tools, from which human, artiodactyl, and rabbit-like DNA sequences were 
also recovered (Hardy and Raff 1997, 609-610). 
 However, blood residue analysis is not without its problems, with some results 
inconsistent and questionable when compared with recovered faunal remains (see for example 
Fiedel 1996). Subsequent empirical testing using a range of techniques including the seemingly 
sensitive enzyme-linked immune-sorbent assay (ELISA) has variously produced false positive 
and false negative results, with one source of the problem thought to relate to blood survival in 
different conditions (Odell 2001, 57-59). 
  
3.4 Symbiosis: Dogs, Falconry, and Ferrets: the possible use of other 
fauna to facilitate hunting 
Although smaller mammals were probably caught using various forms of trap or nets, or hunted 
with projectiles, a final question is whether prehistoric peoples utilised other species, such as 
dogs, birds of prey, and/or mustelids like ferrets or polecats to facilitate hunting such mammal 
exploitation, particularly during later prehistory where domestication of species like cattle and 
sheep was already established, and its concept recognised. All the above have been utilised in 
more recent times, and would have been suitable to catch the smaller species under 
consideration here, whether following domestication or as ‘trained’ wild species. This issue is 
now examined, and considers the possible processes required and any existing archaeological 
evidence supporting it. 
 
3.4.1 The possible use of dogs/canids for hunting or exploitation 
Of all species potentially used, dogs are the most likely given their long association and early 
symbiosis then domestication by mankind. But it is necessary to detach oneself from modern 
Western concepts of how we utilise or relate to dogs in our society. Our society strictly views 
dogs as either pets or working dogs, and while such categorisation may be equally applicable to 
those in prehistory, it is equally likely that they were often considered a foodstuff. 
 The first species for consideration are dogs, which may have filled different roles, 
variously constituting companions, working animals, and/or even foodstuffs. Examples of dogs 
utilised this way may still be seen today. For example, modern day hunter-gatherers like the 
!Kung San in the Kalahari use dogs to hunt (Lee 1979), improving success rates. 
This chapter section examines: 
 The evidence for domestication of canids. 
 The presence of dog bones on prehistoric sites. 
 Any evidence for the practice of hunting with dogs or other canid species. 
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3.4.1.1 Canid domestication 
Clutton-Brock (1995, 15) defines domestication as being “…the result of two interwoven 
processes, one biological, the other cultural…”, with a domesticated species being one whose 
breeding is mainly controlled by humans and therefore the result of artificial selection. 
‘Suitable’ breeding stock is separated from its wild ancestors (Davis and Valla 1978, 608), with 
the aim of producing certain ‘desirable’ characteristics in the offspring. It has been suggested 
that the dog was the first animal to make this transition from wild animal to domesticate (see for 
example Van Giffen 1929, cited by Brothwell 2004, 11), and it is easy to understand how 
prehistoric peoples could have beneficially used dogs to facilitate hunting to greater or lesser 
extent, besides other purposes. One can speculate on the possible format that the domestication 
process took; maybe an orphaned wolf pup may have become adopted by a hominin group, or 
perhaps it started with a tacit symbiosis between hominin and canid where both benefitted from 
hunting together, which gradually led to increased mutual dependence and trust. But it is less 
easy to pinpoint where and exactly when this occurred, especially as osteological separation 
between dog and wolf can be problematical. Criteria used to identify dogs include smaller size, 
smaller auditory bullae (Clutton-Brock 1995, 12), shorter jaws, and tooth crowding with dental 
overlap, in particular the lower first molar and fourth premolar. However, this last criterion may 
often be age-related and so an unreliable indicator. A further complication is that wolves 
decreased in size at the end of the Pleistocene, while dogs also changed in size, such as in the 
Near East (Davis and Valla 1978, 609).  
 Among the earliest evidence in Europe is the skeleton of a small dog recovered from an 
Epipalaeolithic rock-shelter at Saint-Thibaud-de-Couz. It was radiocarbon dated to 10,050 ± 
100BP, which put it from the period of the Younger Dryas-Early Preboreal transition. The 
animal was very small in size compared to other Mesolithic dogs, suggesting it was 
domesticated, and more similar to dogs from the Swiss Neolithic (Chaix 2000). There is much 
evidence for domestic dog from the Mesolithic period onwards, with dogs in Jarmo (Iraq) from 
9,250-7,750BP, Fell’s Cave (Chile) between 8,500-6,500BP, and China from 7,000 years ago 
(Clutton-Brock 1995, 12). Other early examples from Europe include Vlasac (Bökönyi 1975, 
167), various Maglemose sites in Denmark, and Star Carr where a skull from a five-month-old 
dog was found that dated to 7,538 ± 350 B.C., with domestication considered by Degerbøl 
(1961) to have occurred several generations previously. At the site of Lepinski Vir the earliest 
evidence for domestic dog dates from the 6th millennium BC, the start of the pottery-Neolithic, 
where it constituted the only domesticated species and was used for sacrifices, hunting, and as a 
watch-dog (Bökönyi 1975, 167). In America, dog remains from Jaguar Cave (Idaho) that dated 
to c.8400 B.C. were deemed ‘undoubtedly domesticated’.  
 Yet while both domesticated dog and wolf remains were present at many of the above 
sites, there is no evidence for ‘transitional’ individuals that might represent crossing of dog and 
wolf (Bökönyi 1969), implying that domestication occurred earlier, perhaps during the 
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Palaeolithic. Wolf and hominin bones have been found in associated contexts from as early as 
400,000 years ago (Vila et al. 1997, 1689), as at Boxgrove (Sussex), though archaeologically 
the earliest domestic dog remains (a mandible) were found in a Palaeolithic grave at Oberkassel 
(Germany) and date from c.14,000 BP (Clutton-Brock 1995, 10). But a recent study of wolf and 
dog mitochondrial DNA confirms that dogs were likely descended from wolves rather than 
jackals, with the two species separating between c.135,000 and 400,000 years ago, making dog 
domestication significantly earlier, with potentially multiple founding events in different 
populations. However, early dogs may not have been morphologically distinct from wolves 
(Vila et al. 1997, 1689), making them harder to detect osteologically. 
 
3.4.1.2 Dog utilisation 
It is difficult to clearly establish when the use of dog began. Skeletal remains of dogs from 
various sites suggest they were initially often considered a foodstuff and it is difficult to clearly 
establish when they made the transition to utility animal. It has been suggested that the new 
partnership between dog and human would have become increasingly relevant in the Mesolithic 
with the development of microliths and longer distance projectiles, where dogs could have been 
used to track wounded animals and bring them to bay, consequently increasing hunting 
efficiency (Clutton-Brock 1995, 10). Lewis (2009, 55) refers to the change in the size of prey 
animals in the Late Upper Palaeolithic with the Broad Spectrum Revolution, which resulted in a 
tendency for medium and small animals to be hunted rather than larger ones. Prey species 
included hare and foxes, which he notes are smaller and faster and would be suited to hunting 
by dogs.  
 In other instances dogs were clearly commensal with people, but their utilisation or role 
within a society is often less clear. Where such evidence does exist, it suggests both regional 
and temporal variation. Data from the excavation of Zhokhov (Russia) has been interpreted as 
suggesting that dog traction was used as early as 7800 b.p. by the aboriginal population, based 
on the recovery of wooden sledge-runners as well as dog skull and post-cranial bones. 
Moreover, the presence and position of dog excrement on some of these was seen as comparable 
with that from modern carriage dogs individually chained to posts at a distance from each other. 
However, no other sites have produced evidence this early. Animals hunted were mainly 
reindeer and polar bear, though bones from birds, arctic fox, wolf, seals, and walrus were also 
recovered (Pitul’ko 1995, 358).  
 Certain Scandinavian Mesolithic cemeteries also include dog burials, such as Vedbæk-
Boldbaner, where graves variously consisted of adult human interments with and without dogs, 
with these comprising both intact and disarticulated remains. Other burials comprised dogs 
alone, sometimes with grave goods and red ochre. The different dog burials have variously been 
interpreted as companions to the deceased (so probably continuing their role in life), sacrificial 
objects, but interpreted as undoubtedly symbolic (Larsson 1990a, 156-159). It suggests that 
3: Prey acquisition: methods and theory 
252 | P a g e  
dogs were considered significant, if not important, members of that society, and these animals 
may have achieved such recognition by particularly benefitting that society. This may have 
included usefully contributing to subsistence, because of their hunting ability. So while it is hard 
to identify where dogs were definitely employed for hunting it is possible to speculate that the 
preferential burial treatment of certain dogs may have been due to their hunting prowess. But 
dogs have fulfilled various roles, and preferential burial may equally have been dependent on 
other factors. 
 The close association of canine and hominin remains may imply symbiosis or 
exploitation of the species, but defining a specific role from their skeletal remains is difficult. A 
dog used by humans for hunting large dangerous species may well suffer injuries that leave 
permanent traces on its skeleton, but such trauma could equally have been incurred during the 
course of its own food acquisition. Even a dog kept as guard dog or non-working companion pet 
could suffer similar injury if in the wrong place at the wrong time. The selective breeding of 
dogs to produce larger, more robust animals could imply their use for hunting, but such animals 
could also be used for traction, and specifically bred for an appropriate larger size and strength. 
 
3.4.1.3 Ethnography 
Evidence for using dogs for subsistence hunting is found in many parts of the world, including 
Australia, New Guinea, Siberia, India, the Philippines, and various African countries, though in 
South America there seems to have been little or no use in prehistoric times, with finds of dog 
remains rare until 20
th
 century in some areas. Having initially been absent from areas like 
Amazonia the use of dogs in the lowland Neotropics has only recently become more widespread 
(Koster 2009, 575). Hunting with dogs has a much longer history in Mesoamerica, with the 
Mayangna and Miskita (Nicaragua) still using dogs to hunt a range of prey. The dogs sniff out 
then chase the animals (though the hunter has little control over which species the dogs chase), 
with the hunter following. Larger game is often driven into a river where hunters are waiting in 
canoes, while smaller prey may necessitate being extracted from earth burrows or hollow tree 
trunks (such as paca (Cuniculus paca) and agouti (Dasyprocta spp.) respectively). The dogs are 
usually rewarded with meat (Figure 3.56) (Koster 2009). 
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 There is also ethnographic record of the methods used for training and hunting with the 
Neotropic dogs. Dogs are exposed to the blood, hair and given meat or stomach contents of the 
prey that the hunters prefer to catch, while younger dogs are often introduced to hunting 
alongside the pack of older, trained dogs, in the hope that they learn by copying them (Descola 
1994, 233). More unusual is the fact that some aspects of the magic, rituals and charms 
employed by Amahuaca (Peru) hunters to enhance their hunting is also used on their dogs, such 
as songs and incantations, with mixtures made from plants and other materials often applied to 
the nose, mouth or skin of the hunting dogs. While some of these mixtures may mimic the prey, 
others include hallucinogenic ingredients (Carneiro 1974, cited by Koster 2009, 589). Other 
Figure 3.56: Left: A 
Mayangna hunter 
(Nicaragua) extracting an 
agouti from a tree trunk with 
the aid of his dogs.  
 
Below: the hunter rewards his 
dog with a slice of meat from a 
paca (a large rodent) that has 
just been dug out of its burrow 
and killed (Koster 2008, 
Figs.A3 and A5. Photos: 
Menuka Scetbon-Didi). 
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more radical treatment includes subjecting dogs to bites and stings of wasps or ants, docking the 
tails of less effective dogs, and placing hot axes on their chests (Koster 2009, 589). 
 The ethnographic use of dogs for hunting in Africa is also well recorded, with dogs used 
to pursue and catch prey, then hold it at bay until the hunters arrive. The prey would then often 
be dispatched with a thrusting spear (Churchill 1993, 17). One example is the San of the Central 
Kalahari (Botswana), who use dogs when hunting medium-sized prey (like wildcat and fox) 
with sticks and large prey (including gemsbok and steenbok antelope) with spears. More 
recently guns have been used, but bows and arrows are apparently not used by them when 
hunting with dogs. Indeed hunting success relies on the chasing and fighting ability of the dog 
or dogs. One such hunt was recorded as having as many as 11 dogs with the hunters (Ikeya 
1994, 123). The method of hunting with dogs varies with the prey, with dogs allowed to bite 
young animals before the hunter kills the prey with a stick, while with adult animals their role is 
to chase and surround the prey to localise it so the hunters can kill it with spears. After a 
successful hunt the dogs were rewarded by being given the prey’s blood and the intestines and 
stomach, while all the meat obtained belongs to the owners of the dogs, and shared among them 
(Ikeya 1994, 126;132). 
 While these examples are from warmer climates outside Europe, there is evidence for 
using dogs for hunting in cooler climates. For example, in Finland dogs are used for hunting 
moose (Alces alces). They help by steering the moose towards the waiting hunters, halt the 
animal by barking at it, or tracking wounded animals. Research has demonstrated the benefit of 
hunting with dogs, showing that increased numbers of dogs increased hunting success, as a 
larger area can be covered. Group size was also a factor; those without a dog had lower hunting 
success rates, while groups of less than ten hunters with a dog seemingly got 56% more prey 
than hunters without one (Ruusila and Pesonen 2004, 548). 
 
3.4.2 The possible use of falconry 
Somewhat more controversial than hunting with dogs in early prehistory is considering the use 
of raptors such as falcons, hawks, or even owls, for hunting mammals or birds. This chapter 
section briefly addresses the possible prehistoric use of raptors, examining the known historic 
background and how it might be identified archaeologically, based on modern practices (see 
Appendix J for a more detailed discussion). The term ‘falconry’ will be used here, although 
technically falconry is the use of falcons for hunting, while hawking refers to the use of hawks 
(Glasier 1986, 323).  
 
3.4.2.1 Historical background 
“The origin of falconry, both geographically and chronologically, is still hidden in 
darkness, and it seems doubtful whether we shall ever discover the cradle of this 
ancient sport.” (Epstein 1943, 497). 
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As the above quote suggests, it is unknown when and where falconry began, who the earliest 
users of hawks and falcons were, and why it developed. It may have been purely related to food 
or fur acquisition, a means of killing predators like wolves, a practice connected with religion or 
power, or merely a sport (Fox 2005). Most likely it was a combination of these. 
 It is suggested that falconry originated in Persia, China or Central Asia (Glasier 1986, 
10), but supporting empirical evidence is lacking. It then purportedly spread westward to the 
Middle East through trade and contacts, then finally into Europe (Dobney 2001, 1). The 19
th
 
century Japanese writer Akizato Rito claims that falcons were given to Chinese princes from the 
Hia dynasty, which began c.2205 B.C., but there is no evidence confirming these were for 
falconry, or even whether the practice existed then. A bas-relief apparently depicting a falconer 
was discovered by Sir Henry Layard during the 19
th
 century in the ruins of Khorsabad 
(Mesopotamia) (Figure 3.57), which supposedly dated from c.1700B.C. (Glasier 1986, 10).  
 
 
                                    
Figure 3.57: a) Serpentine Akkadian cylinder seal from Khorsabad, interpreted as depicting a 
falconer. B) Detail of the falconer holding a hawk on his right wrist, the side used by Eastern 
falconers (Collon 1983, Plates XVIIa and b (Photo of detail: James Hendry)). 
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 Several carvings from Turkey have also been found, dating to c.1500BC. These portray 
a human figure with a large bird on the fist and holding a hare by the hind legs (Dobney 2001, 
1). Some coins also seemingly depict falconry (Figure 3.58). 
 
           
  
 The earliest recorded evidence of ‘real’ falconry apparently comes from Japan, when in 
A.D.244 goshawks were introduced from China during the reign of Empress Jingu, though it 
was not until c.A.D.355 during the reign of Emperor Nintoku that falconry seemingly caught on 
as a sport after he was given a goshawk. The bird was trained by a Korean at his court who 
ostensibly had experience of falconry as he fitted it with jesses and bell and used it to catch 
pheasants (Glasier 1986, 11-12).  
 
3.4.2.2 Ethnographic evidence 
Falconry is practised throughout the world, using the local raptor species. For example, the 
practice of flying steppe eagles for hunting and sport is a longstanding tradition that still 
continues in Kazakhstan, Kyrgyzstan and Mongolia, where the birds are flown from horseback 
by Kazakh and Kirghiz horsemen (Figure 3.59). Berkuts (burkuts in Russian) or Himalayan 
golden eagles that inhabit the Steppes are the raptors usually flown, and used to hunt animals 
like foxes and hare. The practice is very much part of the culture, and festivals are held that 
celebrate the use of the birds, with the winners highly regarded (Gates 2002).  
 
Figure 3.58: Greek? coin 
seemingly showing falconry 
(Wingmasters). 
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Figure 3.59: Group of falconers with their berkut eagles and caught fox at a festival on the 
steppes (Gates 2002). 
 
 There is also a long history of falcons and hawks being flown in the desert by Arabs, 
both as a means of hunting to provide food, and as a status symbol (Figure 3.60). Peregrine 
falcons are commonly used as they reach speeds of over 200 kilometres an hour, but the most 
highly-prized are saker falcons, which are traditionally flown against the somewhat larger 
houbara bustard (Lockerbie 2005-2008). 
 
 
Figure 3.60: An Arab hunting in the desert on his Arabian horse, with the falcon on his wrist and 
saluki dog (Lockerbie 2005-2008). 
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3.4.2.3 Modern falconry in Europe 
It is useful to understand what modern falconry practices entail when considering whether 
earlier prehistoric peoples could have engaged in it. The first stage is to obtain a bird of prey. 
Previously, raptors could have been acquired from the wild as older birds (‘passagers’ or 
‘haggards’) or by removing young birds (‘eyasses’) from nests, but the 1980 Wildlife and 
Countryside Act banned this practice, except under special licence, due to certain species (like 
peregrine falcons) becoming endangered. Nowadays there is a healthy captive breeding 
programme, although it is a specialised area as hand-reared birds can be dangerous to falconers.  
 After acquisition, the birds are fitted with the necessary equipment or ‘furniture’, which 
comprises ‘jesses’ and bells, with hoods used for falcons. Jesses come in several types. The 
simplest are traditional jesses, which comprise single strips of leather that attach directly to the 
birds’ legs (Figure 3.61) (Ash 2004). 
 
 
Figure 3.61 Traditional jesses (Ash 2004). 
 
 A modern alternative are aylmeri jesses, where the ‘anklets’ (or ‘bracelets’) and jesses 
are separate. The anklets are made from wide or narrow leather, with a hole or grommet 
punched into them, through which the jesses thread (Figure 3.62). These then attach to a swivel 
(Figure 3.63), and ultimately to a rope or line (Figure 3.64) (Ash 2004). In some places 
falconers fit a white feather into the bird’s tail to help locate it visually.   
 
    
Figure 3.62: Aylmeri anklets and jesses, shown without the bird (Ash 2004). 
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Figure 3.63: Jesses attached to the swivel. One of the jesses would be attached to each of the 
bird’s legs, and a line or cord would attach to the swivel (Ash 2004). 
 
      
Figure 3.64: Aylmeri anklets and cord jesses, shown in use (Ash 2004, Photo: Johann 
Hanekom). 
 
 Besides the furniture used on the bird, the most important item is a gauntlet, designed to 
protect the falconer’s forearm, wrist and hand from the birds’ sharp talons. This is usually made 
from leather, and either glove-shaped or a fingerless cuff, like the Middle Eastern ‘mangalah’ 
(Figure 3.65) (Gates 2002).  
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Figure 3.65: Middle Eastern ‘mangalah’ for carrying falcons (Ash 2004). 
 
 Training the bird comprises four main stages. First, it is ‘manned’ to get it accustomed 
to people and teaching it to sit on a gloved wrist (Glasier 1986, 48). The second stage comprises 
training it to return to the falconer when called. This is done by attaching a long line (‘creance’) 
to the jesses, with the bird placed a short distance away from the falconer. The bird is 
encouraged to return to the glove by offering food; usually raw meat, such as dead day-old 
chicks. The return distance is gradually increased until the bird can be released from the line and 
reliably returns when called. The third stage is getting the bird fit to fly longer distances, and the 
final stage is training the bird to hunt (Glasier 1986, 49).  
 
3.4.2.4 Identifying falconry in early prehistory 
The traditional view that falconry originated in Asia has been questioned by Dobney (2001, 1), 
who suggests it may have existed in the Middle East between c.8,000 and 10,000 BC, based on 
large numbers of raptor bones recovered from sites in Syria, Jordan, Iran, Iraq, and Israel. 
Previous interpretations have suggested that birds of prey were introduced onto sites as a food 
resource or for religious activities, but he suggests they may represent the earliest evidence of 
bird management or training, and the start of falconry. To support this, examination of mammal 
bones from Middle Eastern sites indicate a change of economic focus c.12,000 to 10,000 years 
ago, a period when a ‘Broad Spectrum Revolution’ has been identified, with increased numbers 
of smaller prey, such as fox, hare, and game-birds (like francolin and partridge) being exploited 
compared to the earlier Palaeolithic when larger species seemed preferentially targeted. While 
acquisition techniques could have included trapping, netting and even poisoning, it is possible 
that they were starting falconry, and raptor bones were certainly found in the same deposits as 
bones from smaller mammals and game-birds (Dobney 2001, 2).  Moreover, the latter part of 
this period saw the emergence of fired projectiles, so the use of other species to facilitate 
hunting may have served to improve prey returns at a time when resources were stretched. 
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3.4.2.4.1 Rationale 
There are arguments for and against the possibility that falconry was practised much earlier than 
is generally acknowledged. Some see falconry as being ‘…a technically skilled method for a 
primitive society. To catch, train, feed and hunt with a raptor is far more sophisticated than 
using a bow and arrow, or spear or a hunting dog…’ (Fox 2005), implying that the practice was 
beyond the capability of prehistoric societies. Falconry is undoubtedly complex and demands 
specialised skills, but certain factors require consideration. It may be optimistic to suggest early 
prehistoric people engaged in falconry, but evidence implies that earlier anatomically modern 
humans had brains of comparable size to ours from at least 50,000-40,000 years ago with 
potentially the same cognitive ability (Klein 1995, 190). Their ability to manufacture technically 
complicated stone tools requiring a certain level of cognitive thought and intricate skills is 
perhaps testament to their capability to perform complex thought processes and actions; hence 
using birds for falconry may have been within their capability. Furthermore, given their way of 
life and increased proximity to nature they would have seen raptors hunting mammals and birds.  
 Current archaeological evidence suggests that dogs were the earliest species to be 
domesticated, and it is possible that early hominins saw the symbiotic potential of domesticating 
hunting animals before those utilized as prey (Outram In preparation), so raptors could have 
been an understandable choice for subsequent utilisation. Furthermore, these people would have 
been far more in tune with nature than most people are today, and seen wild birds hunting, 
noting the ease with which they caught small game. A logical step would then be to try to 
harness these animals for their own benefit, using a process of trial and error to obtain a bird and 
teach it to associate humans with food, and ultimately hunt with it. Hence Dobney’s (2001) 
suggestion is not far-fetched; indeed such exploitation may have begun even earlier than his 
proposed dates. 
 One factor that makes Dobney question the possibility that falconry was practised, was 
that most bird remains recovered from Near Eastern sites were larger species like buzzards, 
eagles, vultures, and eagle owls, with falcons less common. But falconry relies on several basic 
principles. Firstly, the bird learns to associate its handler with food provision. Secondly, the bird 
needs to be hungry enough to want to hunt. Unlike dogs, raptors do not hunt for fun; hunting is 
potentially dangerous to them (especially if the prey are carnivores) and expends a lot of energy. 
To achieve this, modern practice involves calculating the optimal time to fly the bird. It is 
weighed daily and the amount of food fed is measured and carefully increased or decreased each 
day until the bird reaches what the falconer considers is its ‘flying weight’. This is the point 
when it is hungry enough to hunt for food, yet fit and healthy enough to hunt well. Too high a 
weight and the bird is not hungry enough to want to hunt, if the weight is too low the bird could 
be weak, making hunting unsuccessful and even potentially compromising the bird’s health. 
There is a greater margin for error in larger, heavier species than lighter ones; this margin is 
narrower in peregrine-sized raptors, and error can result in an ill or dead bird. Consequently, 
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despite their increased size, starting to fly a larger raptor has some advantages over a smaller 
one, making it plausible for anyone involved in early falconry opting to use larger raptors. 
While prehistoric falconers may not have had weights they could have employed similar trial 
and error principles, based on the birds’ behaviour.  
 
3.4.2.4.2 Material culture evidence 
Modern falconry paraphernalia are mostly made from organic materials, like leather. Simple 
leather ‘furniture’ would have been easy to make in prehistory, assuming that the birds wore 
something similar. Metal fittings are now sometimes used but metal was not available in early 
prehistory. Prehistoric falconry, if it existed, may have employed different practices or 
differently-shaped artefacts, but most leather items are unlikely to survive except under 
exceptional preservation conditions. Even if leather jesses were used they resemble numerous 
other small straps, so even if found would be difficult to distinguish from similar artefacts and 
prove their use for falconry.  
 It is possible that some Bronze Age archery ‘bracers’, such as described by Fokkens et 
al (2007), were used for falconry if covered with fabric or leather and attached by leather strips, 
so serving the same purpose as modern falconry gauntlets. But this is purely speculation and 
there is currently no proof for this. Most raptors have sharp beaks, which they use to sever the 
spinal cord in the neck of their prey, but it is their talons that do the most damage; indeed they 
are the parts used by the birds for catching their quarry. Being sharp would necessitate any 
prehistoric falconer protecting his or her wrist and provide a means of transporting the bird. 
 
3.3.2.4.3 Osteological evidence 
Palaeolithic: 
The species of bird utilised would depend upon those living in the local environment. In tundra 
conditions snowy owl would have been common, and it may be no coincidence that at sites like 
Gazel Cave, France (Mourer-Chauviré 1983) both snowy owls and snow-ptarmigan were 
abundant in the faunal remains. While both species may have been hunted for their meat or pelts 
it is possible they were concurrent in the same deposits because one was used to hunt the other. 
Modern falconers describe snowy owls as being more difficult to deal with than many raptor 
species, and require open spaces for hunting. But there is evidence for these birds catching a 
range of species including arctic fox, which would undoubtedly have been sought in colder 
times given the superior insulating qualities of their pelts, and these were found in Palaeolithic 
deposits. It would be interesting to determine whether raptor bones were present on other 
excavated Palaeolithic sites, particularly those with an abundance of smaller mammals like 
hares or marmots. These species could be caught easily using hunting birds; a process 
potentially further facilitated by using dogs to flush out prey. 
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Neolithic: 
Raptor remains have also been recovered from Neolithic/Bronze Age burials and sites in 
Britain. The partial skeletons of a white-tailed sea eagle and dog were recovered during 
excavation from the south ditch of Coneybury Henge (Richards 1991, 91). The inclusion of 
such remains is interpreted as being deliberate ‘ritual deposition’, a common practice in 
Neolithic Britain. But what has never been questioned is why these particular species were 
selected at the expense of all others present? One factor setting them apart from other animals in 
Neolithic Britain is that both were potentially used for hunting. Their deposition could have 
occurred at a seminal point in British prehistory, when the predominant economy was changing 
from hunting-fishing-gathering to farming. Perhaps these represent a ‘ritual ending’ of 
widespread hunting using birds and dogs, or conversely represent a reiteration of its status at a 
transitional time when farming was increasing. 
 
3.4.2.4.4 Fracture patterns 
The author’s previous research (Howard 2007) examined the location and type of fractures 
occurring on bird bones, as a potential means of differentiating between bird remains deposited 
by cultural exploitation or natural processes. One aspect comprised examining over 200 
radiographs of living and dead birds that had broken limb bones while alive, which derived 
from two zoological gardens and two veterinary hospitals. The aim was to determine whether 
any ‘typical’ trauma fracture patterns occurred in wild birds, with the intention of identifying 
‘atypical’ fractures produced by humans or other agency.  
 The results showed that spiral, midshaft fractures were most typical of ‘natural’ trauma-
induced damage, while bones with transverse fractures were very uncommon and longitudinal 
fractures rare (Table 3.3). The few transverse fractures present tended to have very irregular 
ends, so bones with very straight breaks are more likely to have been caused by deliberate 
cutting. It also demonstrated that while breaks can occur in any bone (fractures were also seen 
in the mandible, pelvis and phalanges), fracture patterns varied between captive and wild birds. 
Fractures in wild birds most often occurred in the upper limb, particularly the humerus, while 
captive birds suffered more fractures in the lower limb, especially the tibiotarsus (Table 3.4) 
(Howard 2007, 74). So while atypical fracture patterns cannot be treated as an absolute stand-
alone means of identifying human exploitation, the position of certain fracture types and their 
occurrence on certain bones can sway the balance of probability. 
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Table 3.3: Fracture type and site (Howard 2007) (Some data was not available for all 
fracture types and sites): 
Fracture site No. 
 
Fracture type No. 
Proximal 1 Transverse 2 
Proximal-Midshaft 4 Oblique 9 
Midshaft 29 Spiral / Helical 40 
Distal-Midshaft 4 Comminuted 1 
Distal-Midshaft 9 Indeterminate 1 
Total: 57 Total: 53 
 
 
Table 3.4: Falconiformes (Hawks and falcons) fracture data (Howard 2007): 
 Birds   
 Wild Captive  Total 
Bone fractured:  Upper limb 
Humerus 11 3  14 
Ulna 14 1  15 
Radius 4 2  6 
Carpometacarpus     
Total 29 6  35 
     
Bone fractured:  Lower limb 
Femur 4 5  9 
Tibiotarsus 4 7  11 
Tarsometatarsus  1  1 
Total 8 13  21 
Overall total 37 19  56 
 
 
 These results clearly show a tendency for wild raptors to fracture their upper limbs 
(Figure 3.66), particularly the ulna, and for captive Falconiformes to suffer fractures of their 
lower limbs, especially the tibiotarsus (Howard 2007). It may be possible to link this to the 
method of captivity or restraint, whether the bird was wearing jesses for falconry, or caged in 
the later period from the bone remains. Certainly many of the raptors imaged in the radiographs 
were used for falconry (Figure 3.67), and the position of such leather strips around the legs 
could predispose the bones to fracture at this point if subjected to excessive physical stress. 
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 Sadly, the method would not be infallible, as captive raptors could break upper limbs 
while hunting and wild raptors also fracture their lower limb bones, but within an archaeological 
context such injuries could suggest an increased likelihood of human intervention and even 
utilisation. 
 
                
Figure 3.67: Midshaft fracture in the tibiotarsus of a captive raptor (Howard 2007, radiograph by 
Great Western Referrals). 
Figure 3.66: Fractured 
radius and ulna in a wild 
barn owl  (Howard 2007, 
radiograph by Great 
Western Referrals). 
Fracture site 
Fractures through both 
the radius and ulna 
Fracture site 
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3.4.3 The possible use of ferrets 
This section examines the evidence for ferret/polecat domestication, and any evidence for the 
practice of hunting with ferrets or other mustelid species. The use of ferrets for hunting during 
the historic period is reasonably well documented, but from current evidence their utilisation in 
prehistory is less clear-cut, which is in part due to the problems of differentiating between the 
bones of polecats and ferrets (Sykes and Curl 2010, 117). Domestic ferrets (Putorius putorius 
furo) are descendants of either the European polecat (Putorius putorius) or steppe polecat 
(Putorius eversmanii), though it is not known which. The traditional view of ferrets is that they 
were probably domesticated in the Mesolithic period, but their country of origin is unknown. 
However, their intolerance to cold temperatures suggests it may have been Africa rather than 
Eurasia (Zeuner 1963, 401-402). 
 Information on ferrets survives from c.4
th
 century B.C. historical sources onwards with 
mention of a ‘mild, tame polecat’ by Aristotle c.350B.C. There is a possible earlier mention in 
the Bible which suggests it may have been known in Palestine before c.1000B.C., but this relies 
upon the correct translation of a Hebrew word (Zeuner 1963, 401) and given the lapse in dates 
when the Bible was written makes this source somewhat questionable. It is not known when 
ferrets were first used for hunting, though there is reference by Strabo (63BC-AD24) in the 1st 
century A.D. to ‘Libyan ferrets’ being muzzled (Zeuner 1963, 401) and sent into rabbit burrows 
to help counteract a rabbit infestation in the Balearic Islands (Clutton-Brock 1999, 179), 
suggesting this method of hunting was familiar by then. Until the Roman period they were only 
found in Iberia and southern France, but domestic ferrets seem to have been spread from the 
East, given their similarity to the steppe polecat (Putorius eversmanni Lesson) (Zeuner 1963, 
401).  
 The absence of rabbit in prehistoric times makes the use of ferrets/polecats for hunting 
them impossible in Britain, though other species like squirrel could have been hunted. Both 
rabbits and ferrets/polecats certainly existed around the Mediterranean, and it is not impossible 
that ferrets/polecats may have been employed to facilitate hunting rabbits and even marmot in 
this area. However, this is pure speculation and there is no current archaeological proof to 
support this suggestion. It is unclear as to when ferrets were first introduced into Britain, but 
skeletal evidence from 10
th
 century onwards suggests they may have been introduced by the 
Normans as a means of hunting rabbits (Fairnell 2003, 34) in their warrens, and some ferret 
remains were recovered from early mediaeval and later contexts at Faccombe Netherton Manor 
(Hampshire) that dated to AD980-1356 (Sykes and Curl 2010, 124). More is known about their 
use in later medieval times when they became more common; licences to hunt rabbits with 
ferrets were granted by King Richard II, though no hunting was permitted on Sundays (Zeuner 
1963, 402-403). 
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3.5 Theoretical models related to hunting and diet 
In its attempt to better understand the methods and approaches to subsistence hunting and 
gathering taken by past and present hunter-gatherers, archaeology has relied on and employed 
various theoretical models from other disciplines, such as ecology, ethnography and 
anthropology. This section examines those models with particular reference to small mammal 
exploitation. 
 
3.5.1 Optimal Foraging Theory 
Optimal Foraging Theory (OFT) is a biological construct developed by behavioural ecologists 
that was later adopted by anthropologists (Bettinger 1991, 83) and archaeologists, which 
attempts to rationalise the most productive method of foraging in terms of time spent and 
resource benefits gained. Choices made to maximise the net rate energy gain include the time 
spent foraging, marginal value theorem and the location of patch in which hunting or foraging 
occurs (see 3.4.1.2 below), the size of the group involved in the activity, settlement location, 
and dietary (prey) choices (3.4.1.1) (Bettinger 1991, 84), and all have constraints or 
implications (Table 3.5). For hunter-gatherers this ideally means the selection of ‘high-ranked’ 
game or resources, which essentially result in the largest net returns for the time and energy that 
they invest in pursuing the prey and processing it (Munro 2004, S6). But “…While this research 
exhibits growing methodological sophistication and empirical rigor, the accumulation of ever 
more detailed case studies of hunter-gatherer subsistence systems presents anthropologists with 
a staggering diversity…” (Smith 1983, 625). 
 
Table 3.5: Major Decision Categories relating to Optimal Foraging Theory (after Smith 
1983, Table 1): 
Decision 
Category 
Strategic Goal Domain of Choice 
Cost-Benefit 
Criteria 
Some Major Constraining 
Variables 
Diet breadth 
Optimal set of 
resource types 
to exploit 
Which types to 
harvest, once 
encountered 
Return per unit 
handling time for each 
type, overall return on 
foraging (including 
search time) 
Search and pursuit abilities 
of forager, encounter rates 
with 
high-ranked types 
Diet breadth 
with nutrient 
constraints 
Optimal set of 
resource types 
to exploit 
Which and how 
many of each prey 
type to harvest 
Minimum cost for 
meeting nutritional 
requirements 
Nutrient requirements, 
abundance of prey types, 
procurement costs 
Patch choice 
Optimal array 
of habitats to 
exploit 
Which set of  
patches to visit 
Average rate of return 
with patch types and 
average over all patches 
(including travel time 
Efficiency ranking of 
patch types, habitat 
richness, travel time 
between patches 
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between patches) 
Time 
allocation 
Optimal 
pattern of time 
allocated to 
alternatives 
(patches, etc.) 
Time spent 
foraging in each 
alternative patch 
Marginal return rate for 
each alternative, 
average return rate for 
entire set 
Resource richness, 
depletion rates for each 
alternative 
Foraging-
group size 
Formation of 
optimal-sized 
groups for 
foraging 
Size of groups 
to join for foraging 
under specified 
conditions 
Average per capita rate 
of return at each group 
size, marginal cost and 
gain to joiner or group 
members 
Return-rate curves for each 
group size under each 
condition, possibilities for 
group formation, rules 
governing division of 
harvest 
Settlement 
pattern 
Optimal 
location of 
home base for 
foraging 
efficiency 
Settlement 
location of each 
foraging unit 
(individual or 
family) 
Mean travel costs and/or 
search costs per unit 
harvest 
Spatio-temporal dispersion 
and predictability of major 
resources, effects of 
cooperation and 
competition 
 
 
 MacArthur and Pianka (1966) give one definition of how time or energy may be used 
optimally, stating that  “…an activity should be enlarged as long as the resulting gain in time 
spent per unit food exceeds the loss. When any further enlargement would entail a greater loss 
than gain no such enlargement should take place…” They suggest that a more restricted (in 
terms of different species eaten) and specialised diet results from a more productive 
environment, while the opposite would apply for a patchy environment due to increased 
predator search time (MacArthur and Pianka 1966, 608). 
 There is also the issue of the method of hunting. Koster (2008) suggests that the use of 
dogs for hunting affects the optimal foraging model because decision-making is removed or at 
least delayed because the dog will bark as it pursues its prey regardless of species (Figure 3.68). 
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Figure 3.68: Decision making model for hunting with dogs, which affects the optimal foraging 
model (Koster 2008, Fig.1). 
 
 But it is arguable whether the criteria defined by Optimal Foraging Theory (OFT) for 
animals can be equally applicable to humans. It makes various suppositions, assuming that all 
hunting/foraging was done logically, with journeys made were for the express purpose of 
hunting and not combined with other tasks/reasons for travelling. It also ignores human 
idiosyncrasies or preferences, such as choosing a particular route for its aesthetic appeal, or their 
ability to become diverted. 
 
3.5.1.1 Diet breadth (Prey choice and ranking) 
This is an anthropological model to determine which items ‘should’ be in the diet. It reflects 
how foragers notionally should react to items based on how they vary in the amount of energy 
each produces, their abundance, the time needed to acquire the energy from each item, and the 
energy expenditure during acquisition per item. Adding more species to the diet means that the 
search time is lowered as there is more likelihood of finding them, but the problem is that the 
handling time (the time taken to find, pursue, kill and process them) increases. This is shown 
graphically (Figure 3.69), with the optimal point being the minimum time spent for the 
maximum amount of energy (food) gained. 
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Figure 3.69: Diagram of a diet breadth model. The graph shows that the optimal diet breadth is 
achieved when the four chosen dietary species exploited take the minimum time spent per 
amount of energy gained (Bettinger 1991, Fig.4.1) 
 
Prey ranking 
One relevant theory relating to small mammals, given their size, is ‘prey ranking’. The model 
works on the basis that prey is ranked by its body size according to the dietary gain (or caloric  
value) of the resource. Therefore large animals seemingly have a higher prey ranking than 
smaller species, as their body size means the net gains outweigh the cost of capture than is the 
case for smaller taxa. In many cases this is an effective measure of rank because the cost and 
caloric gain from capturing large animals usually substantially outweighs that from obtaining 
small taxa (Munro 2004, S7). However, size is not the only factor, as the distance travelled to 
reach the location of prey also has a bearing, as does the abundance of species within a localised 
area, and technology required for capture. For small animals of comparable size capture costs 
also have a bearing, with small-bodied prey having ‘variable escape strategies’, so that slower, 
easier to capture species may be ranked higher than fast, quick-moving animals. Consequently, 
if Middle Palaeolithic exploitation of species is considered then tortoise and/or shellfish would 
be deemed high-ranked prey due to low capture costs, compared with faster hares that may be 
‘expensive’ to catch (Stiner et al. 2000, 46). Cochard et al (2012) also note ambiguities in prey-
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ranking, as slow-moving small-sized fauna, like tortoises, may produce higher net return rates 
than even large species due to being easily harvested by groups such as children, pregnant 
women or the elderly (Cochard et al. 2012, 34). Some indication of calculated return rates is 
shown by the following table (Table 3.6). 
 
Table 3.6: Calculated return rates for different North American species (Byers and Ugan 
2005, Table 4). 
Animal Taxa Hunting method 
Return rate 
Low High 
Jackrabbit Lepus californicus Encounter hunting 13,475 15,400 
Snowshoe hare Lepus americanus Trapping 8260 15220 
Bison Bison bison Encounter hunting 32,400 32,400 
Pronghorn Antilocapra americana Encounter hunting 15,725 31,450 
Mountain sheep Ovis canadensis Encounter hunting 17,971 31,450 
Mule deer Odocoileus hemionus Encounter hunting 17,971 31,450 
Caribou Rangifer tarandus Encounter hunting 25,370 25,370 
Bearded seal Erignathus barbatus Encounter hunting 15,000 25,680 
 
 An example of applying this theoretical paradigm to small mammal utilisation is 
demonstrated by Madsen and Schmitt (1998), who considered the exploitation of small species 
at Lakeside Cave (Utah, North America). They showed that in terms of energy gain, the return 
rates of small animal (and plant) resources depend upon their density. Individually, as small-
bodied entities these species represent low-ranking prey, yet in mass their ranking increases, 
contradicting the often accepted dictum that only individual body size relates to return rates. 
The authors suggest that when small species are mass collected, whether through technological 
developments (like nets or snares) or from natural events (such as windrows, where thousands 
of sun-dried, salted grasshoppers are deposited on beaches), the overall return rate for that 
animal is more correctly determined by population density, with ranking dependent upon the 
total body weight of all the small species acquired simultaneously, such as in one netting event 
(Madsen and Schmitt 1998, 448). Their research at Lakeside Cave considered the relative 
abundance of small mammals, grasshoppers, and large animals (Figure 3.70) in that assemblage, 
demonstrating that hunting large mammals, such as bighorn sheep, may even have been 
abandoned when grasshoppers were plentiful due to natural events, and it was easier to mass 
collect them by hand in large quantities (Madsen and Schmitt 1998, 451). 
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Figure 3.70: Grasshopper parts, small and large animal bones from Lakeside Cave (Utah), 
showing the relative variation in rank order abundances by stratum (Madsen and Schmitt 1998, 
Fig.5). 
 
 Carcase preparation time is also a consideration, with ‘culinary processing’ comprising 
a “…wide variety of techniques for converting raw animal packages into edible resources…”, 
with each method varying in the nutritional benefits gained for the energy expended during such 
preparation. Larger animals invariably take longer to process than a smaller one, but the relative 
processing times becomes less clear-cut when dealing with multiples of small animals. The 
cost-benefit of different leporid processing techniques has been calculated by Fisher (2010) 
(Figure 3.71), based on the time necessary (Table 3.7), amount of energy required and the 
resultant nutritional benefits, though cultural practices will also be an influencing factor. He 
suggests that: 
“…Different cooking methods can frequently be arranged on an ordinal scale of the amount of 
energy inputted. For example, a jackrabbit could be simply skinned, dressed, and roasted on a 
fire. Alternatively, cutting up the animal (e.g., quartering) with little extra energy, but doing so 
might reduce cooking times and fuel costs. Stewing may require additional energy, especially 
since it requires additional technologies, such as pots. These methods generally target the meat 
of an animal, but fats located in the bone may be obtained through grease extraction (boiling 
bones essentially) and opening bones to access nutritious fat from the marrow…”. But the 
bottom line is that processing costs are still outweighed by the marginal benefits, with other 
available resources also taken into consideration (Fisher 2010). 
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Table 3.7: Complexity of preparation methods (after Fisher 2010) 
Method Preparation 1 Preparation 2 Other 
Roasting Skinning, dressing   
Roasting Skinning, dressing Quartering  
Stewing Skinning, dressing Quartering Use of pots 
Stewing Skinning, dressing 
Grease extraction 
Marrow extraction 
Use of pots 
 
 
 
Figure 3.71: Graph showing the marginal cost-benefit of different leporid processing methods, 
including roasting whole (R1) and sectioned animals (R2), stewing (S), marrow extraction (M), 
and pulverizing (P) (Fisher 2010). 
 
 It has been suggested that increased diet breadth in Europe coincided with technological 
innovations, which improved hunting efficiency by reducing the time spent searching for small, 
agile prey (Holliday 1998; Stiner et al. 2000). 
 
3.5.1.2 Marginal Value Theorem (Foraging location/patch choice) 
The term ‘marginal value theorem’ was originally coined by Charnov (1976), and calculates the 
minimum time spent travelling to, and foraging in, a location or ‘patch’ relative to the maximum 
resources gained. The optimal departure time is that when the reducing dietary returns no longer 
justify the extra time spent at a patch searching for prey or harvesting it (Figure 3.72). For small 
species, their tendency of some to live in colonies undoubtedly reduces both travel and foraging 
time, with their location usually known within the habitation locality, unlike larger species that 
are more inclined to roam or migrate over large areas. So if the parameters considered include 
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the foraging time being determined by factors such as finding the prey, method of capture, 
number of hunters, and quantity required, then small species reflect favourably compared with 
large animals, though larger numbers would be needed to equate to meat weight of larger 
species. Other considerations include selective hunting at colonies, such as leaving enough 
animals to ensure and maintain future resource levels, or selective removal of animals by age or 
sex. Over-hunting would necessitate finding a new ‘patch’, regardless of animal size. 
 
 
Figure 3.72: Marginal value theorem demonstrated graphically (Bettinger 1991). The optimal 
departure time from any patch is the point where the energy gained is optimal relative to the 
search and handling time, and time spent travelling to the resource patch. 
 
 While Charnov’s original definition referred to location, it is debateable whether for 
small mammals like rabbit the ‘patch’ purely constitutes the location or the animal itself? 
 
3.5.2 Broad Spectrum Revolution 
The term ‘Broad Spectrum Revolution’ (BSR) was originally coined by Flannery (1969) in 
relation to increases in dietary breadth in western Asian foraging societies, occurring as a 
precursor to the Neolithic transition to farming. The perceived changes from this phenomenon 
include more varied hunting habits, food processing and storage equipment, with increased 
diversification in utilised species. This essentially resulted in a greater dependence on smaller 
mammals for food and introducing new fauna into the prehistoric diet (Stiner 2001, 6993). The 
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reasoning behind BSR was that by extending the dietary spectrum to include new species the 
carrying capacity of an area or environment could be increased (Burroughs 2005, 150).  
 This so-called ‘Revolution’, which occurred towards the end of the Pleistocene on the 
threshold of the development of animal domestication, is seen in the archaeological record by an 
increase in the utilisation of small mammals in various regions of the world, including 
continental Europe, southern Africa, southwest Asia, and the Americas. Such subsistence 
diversification within hominin diets was noted by Binford (1968) who saw it as occurring 
c.12,000-8,000 years ago at the end of the Palaeolithic in middle- and high-latitude Europe. 
Recent research has indicated such changes began before this, and suggests regional and 
temporal variation in the resultant increased diet breadth. In Europe and southwest Asia, the 
perceived view is that fast, small-sized prey taxa, such as leporids, birds, and small carnivores, 
were seldom exploited during the Middle and early Late Pleistocene periods, with ungulates 
dominating the assemblages (Cochard et al. 2012, 32).  
 In the Mediterranean Basin, there is evidence that small animals were important dietary 
components throughout the Middle, Upper, and Epi-Paleolithic, though with a marked shift in 
the types of small prey preferred over the last 200,000 years. While the Middle Palaeolithic 
zooarchaeological record was apparently dominated by the use of marine molluscs and slow-
moving, slow-growing tortoises, by the Early Upper Palaeolithic this was gradually replaced by 
a preference for agile, fast-maturing animals, starting with birds and then expanding to include 
leporids (Stiner and Munro 2002, 181). Setting the date even earlier are Cochard et al (2012), 
who examined a Middle Palaeolithic faunal assemblage at the Mediterranean site of Les 
Canalettes (Aveyron, France) that was dominated by rabbit bones with cut-marks and bone 
cylinders. The findings have further implications as they suggest that Neanderthals had a 
broader diet than previously thought, and hunted fast prey (Cochard et al. 2012, 48).  
 The archaeological evidence for this broadening of the food spectrum is shown by a 
greater abundance of bones from species like rabbit, hare and marmot within assemblages over 
time. This is clearly demonstrated by Pérez Ripoll (2005, 240), who plotted the relative 
abundance of rabbit remains at various Portuguese sites over time (Figure 3.73) and showed that 
levels remained relatively constant until the Epipalaeolithic period, followed by a marked 
increase extending into the Mesolithic.  
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Figure 3.73: Graph indicating the temporal change in the ratio of rabbit remains relative to other 
species in the Mediterranean peninsula (Pérez Ripoll 2005, 240). 
3: Prey acquisition: methods and theory 
P a g e | 277 
 
Figure 3.74: Graph showing the NISP for the main economic species at Klissoura Cave 1 
(Greece). The abundance of hare remains is clearly seen to increase during the Epigravettian 
and Mesolithic periods, with a concurrent decrease in medium ungulates (Starkovich and Stiner 
2010, Fig.1). 
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 A similar temporal change in pattern is seen in the faunal remains from Klissoura Cave 
(Greece), where an increase in hare NISP in the Epigravettian and Mesolithic periods for the 
same site broadly correspond to an decrease in medium-sized ungulate remains (Figure 3.74) 
(Starkovich and Stiner 2010). There is seemingly some regional variation in when these changes 
occurred. In south-western Europe, wild European rabbit (Oryctolagus cuniculus) tend to be 
abundant in faunal deposits in Mediterranean Spain much earlier in the Upper Palaeolithic than 
in inland France, where rabbit dominates zooarchaeological deposits around the Pleistocene–
Holocene transition (Jones 2012). In Portugal, sites like Vale Boi, which is interpreted as a 
seasonal residential camp, show high-level exploitation of rabbits commenced with initial use of 
the site c.28,000 B.P. (Manne et al. 2012, 83). 
 Other places also exhibit similar trends, such as the Southern Levant, with Tchernov 
(1997, 27, who also cites Neeley and Clark 1993) attributing BSR to the effects of a sedentary 
community on a geographically restricted area; the results being an increased use of small 
mammals, especially hare and rodents, though including birds, reptiles, fish, and even large land 
snails. Species targeted varied with locally available fauna, but included lagomorphs, small 
birds, and tortoises. Exploitation of more unusual animals also occurred, including the blind 
mole rat (Spalax ehrenbergi) (Weissbrod et al. 2012, 4) (Figure 3.75). Excavation of the Late 
Pleistocene Natufian (c.16,000/15,000-11,200 cal.BP) site of el-Wad Terrace, Mount Carmel 
(Israel) uncovered large quantities of mole rat remains, some of which were burnt (as were hare 
and vole bones from that site). 
 
 
Figure 3.75: The greater (or Ukrainian) blind mole rat (Spalax ehrenbergi) (Encyclopaedia 
Britannica 2012, Photo: Bassem18). 
3: Prey acquisition: methods and theory 
P a g e | 279 
 
 These animals vary in size, weighing 100-570 grams with 13-35 cm long bodies, and 
are found in a range of environments. Unlike rabbits they tend to be solitary, territorial, and 
aggressive (Macdonald 2009, 246), and despite living underground are easily caught, as 
disturbing the tunnel entrance brings them out to repair it or repel intruders. Analysis of the 
taphonomic and ecological evidence from the site proved that they were not natural 
accumulations but constituted part of the diet, indicating subsistence intensification among 
complex hunter-gatherers on the threshold of agriculture (Weissbrod et al. 2012, 11; 15). 
Similarly, at Sefunim Cave (Mount Carmel, Israel) there was a marked increase in the frequency 
of mole rat remains, varying from 2.5 to 4% in Middle to Upper Palaeolithic deposits to 24% in 
final Pleistocene deposits (Tchernov 1984, Fig. 26.1, cited in Weissbrod et al 2012, 5), 
suggesting that this practice could be even more widespread. 
 This need to diversify and the apparent broadening of the subsistence economy have 
been variously ascribed to a range of causal factors by different authors. Firstly, it was attributed 
to a marked increase in population by the mid-Upper Palaeolithic period, and subsequent 
isotope analysis of European mid-Upper Palaeolithic humans has certainly indicated that some 
consumed considerable amounts of aquatic resources (particularly freshwater fauna), including 
birds, fish, and molluscs (Burroughs 2005, 149). In particular, there was a marked increase in 
the fish component so that it dominated the diet in certain parts of Europe (Richards and Hedges 
1999). However, this period coincided with a rise in sea level and the consequent loss of early 
coastal sites, making it difficult to compare changes in temporal exploitation of fauna. 
 There are other theories to explain the BSR. From their research in Spain, Aura Tortosa 
et al (2002, 244) attribute the increased use of smaller mammals, particularly rabbit, as being 
related to a significant change in settlement structure that occurred with the arrival of 
anatomically modern humans. The change was ostensibly from a highly mobile Middle 
Palaeolithic population that could follow migrating herds of large herbivores, to a more 
territorial Upper Palaeolithic population who would be more inclined to utilise local resources, 
increasing their dietary spectrum as necessary.  
 Another alternative explanation for the BSR was a natural depletion in resources, 
specifically larger species, due to climate impact. The millennia preceding the transition to 
agriculture saw three main climate events. First, was the Bölling-Allerød interstadial, which 
occurred c.13,000 to 11,000 years ago and comprised a wet, warm postglacial phase. This was 
followed by the Younger Dryas, a brief, but harsh cold and dry period that occurred c.11,000 to 
10,200 years ago. Then finally, there was the Early Holocene. Occurring c.10,200 to 6,000 years 
ago, this saw a return to wet and warm conditions (Bar-Yosef 1996, cited by Munro 2004, S6). 
These changes would have affected resources such as vegetation and grazing, necessitating the 
herds of herbivores to move or migrate further to find enough feed, with ultimately a reduction 
in numbers if there was insufficient grazing to sustain them. This in turn would have resulted in 
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greater competition between humans and carnivores for available prey. The most susceptible to 
predation would have been young animals and those that were old or sick. Given that many 
large herbivores produce a single offspring per year this would have had a serious impact on 
available numbers over time. Conversely, smaller mammals require less food to sustain them 
than larger species; those like marmot and rabbit live in colonies and do not migrate. Numbers 
would replenish quicker than large species as most produce several, often large, litters of young 
per year, and achieve sexual maturity in a relatively short period of time. In addition, their 
smaller size and less dangerous nature means that they could be hunted or trapped by a wider 
range of group members, including the young and less able, and also harvested by solitary 
hunters or as a group effort. All these factors make them an ideal supplementary or substitute 
prey for both human and non-human predators in the absence of larger species. 
 Rather than being due to a single cause, the Broad Spectrum Revolution is most likely 
to have been precipitated by a combination of factors that all would have an impact, including 
climate instability at the end of the Pleistocene and increased population pressures, necessitating 
intensification and diversification in resource exploitation. The result was a more intensive use 
of habitats, with greater exploitation of the plant and animal resources they contained, increased 
food processing (such as grinding and storing nuts) and storage to allow for when resources 
were scarce (Stiner 2001, 6993). Moreover, it has also been suggested that this increased diet 
breadth in Europe coincided with technological innovations, which improved hunting efficiency 
by reducing the time spent searching for small, agile prey (Holliday 1998; Stiner et al. 2000). 
Although the exact methods used are not always determinable, some authors have suggested 
that snares or traps were probably used to catch the smaller carnivores, though the increasing 
spectrum of species exploited would probably have required a greater range of different 
techniques (Lupo and Schmitt 2002, 148).  
 Whether due to one or more causes, the effect was an increased diet breadth with a 
wider spectrum of species exploited, and increased utilisation of small mammals as a food 
resource. While this event happened in the past, there is evidence for same process occurring in 
recent years. In Ghana (West Africa) a combination of increases in human population numbers 
and the utilisation of more land for agriculture has resulted in a wider range of species being 
exploited. When fewer people are in an area the result is a smaller number of animals being 
used with the population able to be more selective in their food habits. But as supplies become 
more limited, the range of species eaten becomes broader. In this case bush-babies (Galago 
spp.) and African hedgehogs (Atelerix spp.) were hunted more. In extreme cases animals 
became endangered and eventually eradicated in an area (Asibey 1974, 33). 
 
3.6 Discussion and Conclusion 
Archaeological and ethnographic evidence shows that a wide range of hunting and trapping 
techniques and strategies were potentially available to prehistoric populations, though for the 
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most part the exact details of which methods they employed are ephemeral and remain 
indeterminable by archaeologists. It is highly likely that some prey acquisition techniques would 
have been fairly common to all groups, while others may have adopted more unusual strategies 
or unique methods. There would have been socio-cultural constraints and dictates that 
determined how, or even when, it was performed, and by whom. Within some societies, hunting 
(whatever form it took) would have been undertaken by both sexes, while for others it would 
have been gender-specific. Similarly it may have been the obligation or prerogative of a certain 
age group, or conversely involved all ages; perhaps even was a required rite of passage. For 
some peoples it would be a solitary activity, while for others group hunting would have been the 
norm. It is even conceivable that there was individual specialization for hunting certain species. 
But given the nature of the subject much must remain merely conjecture and impossible to 
determine from archaeological remains alone. Examination of modern ethnographic groups 
makes it plausible that prehistoric hunters would have started acquiring the necessary hunting 
and trapping skills at a very early age, and continued to hone these skills, which would have 
been tailored to suit the local fauna and environmental conditions, through adolescence and 
adulthood. 
 Finally, there is the question of whether prehistoric peoples utilised other species, like 
dogs or raptors, to facilitate hunting. Of the potential taxa that prehistoric people could have 
employed, dogs are the most likely candidates. As the earliest domesticated species, and given 
their innate affinity for chasing moving prey they could gradually have been encouraged to flush 
out small game like marmots, hare or rabbits, using food as a reward. From there it would be a 
short step to harness this natural propensity for chasing things to incorporate them into hunting 
all game, with this symbiotic partnership beneficial to both parties. Such utilisation likely began 
in the Palaeolithic and used to greater or lesser extent, and then developed in later periods. A 
measure of the regard in which dogs were held, whether due to usefulness, attachment to 
humans, or even status, may be seen from burials, such as at Skateholm (Sweden), where 17 of 
the 77 burials included dogs, either alongside humans or buried alone (Larsson 1993). 
 There is no definite archaeological evidence for Palaeolithic falconry; identifying it is 
difficult and will surely rely on a combination of material culture and osteological evidence. 
Currently, only circumstantial evidence exists, such as raptors and prey species remains together 
on the same site. The presence of both snowy owls and ptarmigan bones at some Palaeolithic 
sites may be purely coincidence given the number of species around then, and the most likely 
explanation is that both were hunted for food or pelts. But the possible utilisation of raptors by 
humans cannot be totally excluded, even if this took an ‘intermediate’ form or step towards 
falconry as we recognise it, with humans following hunting raptors and taking their catch or 
‘bribing’ them to give it up with morsels of meat, with development of ‘proper’ falconry at a 
later stage. In conclusion, the origins of falconry and hunting with ferrets remain obscure and 
further research is needed to look into the question of when these could have originated. 
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 This chapter has considered how small mammals might have been acquired, so the next 
stage is to examine how they could have been utilised, and the reasons why they should be 
viewed as a viable resource, despite their size. The subsequent three chapters examine this issue 
in more depth, variously considering their use as food, for material culture resources, and any 
other roles they could have fulfilled. These areas are subdivided for convenience in this thesis, 
though in reality there would often have been overlap between the various sections. This is 
especially the case regarding aspects like food and medicine, where the boundary between the 
two may be indistinct and there is no difference between eating for health or for healing. 
Similarly, ‘ritual’ objects may have initially derived from mundane daily activity, such as 
remnants of prey acquired as food. Alternatively, they may have been items explicitly sought 
for the purpose or specifically crafted, with their transition to ‘special’ artefact defined by the 
context of their use or deposition, or perhaps even ‘transformed’ to iconographic status by 
specific arcane ceremonies.  
 The next chapter begins the enquiry into small mammal use by considering their 
exploitation as a dietary resource, and the benefits gained by consuming them. Again 
ethnography is used to provide examples of use by hunter-gatherers. 
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CHAPTER 4 
 
 
EXPLOITATION OF SMALL MAMMALS FOR DIETARY 
PRODUCTS. 
 
Studies into the faunal contribution to prehistoric diet have usually focussed on exploitation of 
larger terrestrial or marine species. So for early hunter-gatherer palaeoeconomics, research has 
centred upon large herbivores like reindeer, horse, deer, (and seal for marine species), while for 
later farming groups most has concentrated on domestication, husbandry, and exploitation of 
cattle, horse, sheep/goat and pig. But the recovery of medium- and smaller-sized non-ungulate 
remains from various sites suggests a broader spectrum of species was often utilised as a dietary 
resource. This chapter examines the reason why smaller mammals could have been utilised this 
way, and considers the potential dietary benefits they could have offered. It examines the 
historic and ethnographic evidence for their exploitation to demonstrate spatial and temporal 
variation in this practice.  
 
4.1 Background: Smaller species as foodstuff in Europe 
The smaller size of the species under consideration should not be considered a reason not to 
exploit them as a dietary resource, as while large animal biomass most probably constituted the 
major part of prehistoric faunal diet in terms of meat weight, the potential contribution made by 
small species should not be underestimated. Ethnographic and historic records frequently 
provide evidence for the exploitation of various smaller species besides mammals, including 
invertebrates such as insects, molluscs and crustaceans, as well as vertebrates like amphibians, 
reptiles, fish, and birds (see Appendix B), so even archaeological sources indicate exploitation 
of some smaller-sized fauna during the Pleistocene and Holocene. In terms of the faunal 
contribution to prehistoric diet, large mammals would invariably have provided more meat, fat, 
and skin per capita, but size is not the only criteria for determining which foods are eaten, as it 
ignores any personal or cultural food preferences, taboos, or delicacies. As for the Hadza, the 
size and less-aggressive nature of small animals would have made them suitable prey to be 
caught by younger members of the group. 
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 Later records frequently provide evidence for exploitation of various smaller species. It 
is widely known through historical documentation and authors like Apicius that the Romans 
considered dormouse a delicacy despite their small size, particularly the edible dormouse (Glis 
glis), which they sometimes ate stuffed with poppy seeds and sprinkled with honey as ‘Farcies 
glires’ (Grocock and Grainger 2006). Indeed, the Romans held dormice in such esteem as a 
delicacy that they even domesticated them to provide a ready supply (Clutton-Brock 1999, 185). 
Rabbits were also a favourite food of the Romans (Flux 1994, 8), but it is unclear whether the 
species was imported live to Britain at this stage, though there is zooarchaeological evidence for 
possible attempted small-scale introduction in Roman Britain.  
 Determining the date of rabbit introduction to Britain has been complicated by their 
tendency to burrow, resulting in bone intrusions into earlier deposits. However, six adult rabbit 
bones, all with chop- or cut-marks, recovered from an undisturbed pit at Lynford (Norfolk) were 
variously dated from associated pottery to the Middle and Late Iron Age and 1
st
 century AD, 
though it is unknown if they represented animals that were introduced and kept as livestock, or 
just brought in as a meat carcase, perhaps from intended consumption on-board ship during the 
voyage. Two further rabbits were recovered from the fill of a disused bath house at Beddingham 
Roman Villa (East Sussex), dating to the late 3
rd
 century AD. In both cases it was noticed that 
the bones were from rabbits that were smaller-sized than modern ones, and comparable to 
Mediterranean rabbit populations (Sykes and Curl 2010, 120). As such they may represent the 
earliest introductions from the warmer areas of continental Europe, with their small size 
reflecting Bergmann’s Rule and the tendency for mammals from warmer climates to be smaller 
than those in cold climates. Factors such as protected diet and selective breeding, maybe for 
improved meat production, would later result in larger animals. It seems that it was not until the 
late 12
th
 century that rabbits were present in this country, though not in large numbers until the 
13
th
 century, with warrens located near higher-status sites like castles, manors and monasteries, 
especially within parks (Sykes and Curl 2010, 122-123), with rabbit kept for both sport and 
economic use as a high-status food restricted to the aristocracy and elite. 
  It may be argued that prehistoric peoples are unlikely to have eaten small-sized species 
like rodents, but such views and pre-conceived ideas are undoubtedly biased by modern 
Western conceptions about what constitutes ‘edible’ or non-edible foods according to their prior 
experience and knowledge, or socio-cultural background. Such prejudices are clearly seen in our 
own 21
st
 century Western society, particularly with regard to smaller mammals, but attitudes 
vary spatially and temporally and there are cultural variations. For example, there are species, 
like rabbit or hare, that many people would not consider eating, while others have no such 
qualms. Rabbits are infrequently sold as food in Britain and even less so in urban areas, while in 
continental Europe they are more readily consumed and considered ‘normal’ fare. Live caged 
rabbits for sale as food are still common at French street markets. Mornet (1973) states that the 
population of France annually consumes 245,000 tonnes of rabbit meat, costing a staggering 
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£150 million, while more recent figures suggest the French eat 4kg of rabbit per head (SAC 
(Scottish Agricultural College) Consulting 2011). There is also a tradition of hunting rabbit on 
Malta. In particular rabbit is traditionally eaten on 29
th
 June, which is the feast day of St. Peter 
and St. Paul, with Maltese rabbit stew a popular dish. 
 Yet in the earlier part of the 20
th
 century a wide range of smaller mammals were eaten, 
as can be seen from cookery books of this time (Andrews 1990), which include recipes that 
would repulse many people today. For example, in his book on wild foods written during the 
time of the First World War, Cameron (1977, 15-18) suggests that aside from game animals and 
rodents there are six species of mammal in Britain that are not only edible, but also palatable 
and nutritious. These include European hedgehog (Erinaceus erinaceus), red squirrel (Sciurus 
vulgaris), grey squirrel (Sciurus carolinensis), brown rat (Mus decumanus), badger (Meles 
meles), and loir (the edible dormouse Glis glis), which is a larger variant of the dormouse 
(Muscardinus avellanarius), weighing up to 250g. Advice is given on the above species as to 
the best season to eat them and when to avoid them, suggesting those that hibernate are best 
eaten in the autumn when they have built up a good fat layer, while all are best avoided during 
or immediately after their breeding-seasons. All are best eaten when newly-killed, with none 
seemingly requiring hanging to improve their flavour (Cameron 1977, 15). Cooking methods 
are also suggested for these species.  
 But times have changed, and continue to do so. Since the end of the 20
th
 century, in 
Europe at least, the presence of global trade and supermarkets has afforded the most diverse 
range of foods at any time in history and prehistory. Yet in Britain today species like rabbit 
remain generally unpopular, while the reverse is true in continental Europe, and if we look 
outside Europe to modern hunter-gatherer societies, the diet spectrum remains broad and there 
seems little problem with the concept of eating small, furry creatures. The reason for this 
disparity is unclear; it could be related to an increasingly urbanized society in Britain, whose 
only contact with these species is as domestic pet or from the anthropomorphized tale of Beatrix 
Potter’s Peter Rabbit. In either case rabbit becomes an idealized soft, fluffy, cuddly animal, not 
dinner! It may also be argued that the increased dietary spectrum of war-torn and post-war 
Britain, which generally included more wild species, was attributable to rationing and the lack 
of available food. However, attitudes continue to change, and most trends go full circle. In 
recent years the cookery cognoscenti have increasingly re-looked to game, including small 
game species. There are now restaurants that not only serve rabbit, but also species like squirrel. 
 
Individual species: 
Hare: 
There are a number of different hare species, which vary in size and body weight. In Europe, the 
brown hare (Lepus europaeus) exhibits sexual dimorphism, with the male slightly smaller than 
the female and weighing up to around 3.4kg (live weight). The Irish or Scottish hare (subspecies 
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of the mountain hare Lepus timidus), whose coat changes to white in the winter, is a similar 
size. In America and Canada the common or snowshoe hare (Lepus americanus) also changes 
colour seasonally, though is smaller than its European counterpart and typically weighs 1.8kg, 
producing lean, dry meat. The largest hare is the Arctic hare (Lepus arcticus), found in northern 
Canada, which is an important source of meat for Inuit hunters, reaching a live weight of 5.5kg 
(Swartland 2004, 92). 
 
Rabbit: 
Domestic rabbits usually weigh up to c.4kg, producing “tender, pale meat that has a mild but 
unique taste” that may become tenderer with age due to increased levels of intramuscular fat. 
Smaller rabbits weighing up to 2.5kg are best roasted or fried, while those up to 4kg need 
roasting. Any above this weight are best stewed (Swartland 2004, 175).  
 
           
Figure 4.1: Modern Giant 
grey rabbit bred for 
commercial meat supply. 
At 74cm long the rabbit 
weighs 6.5kg, though 
some are recorded as 
reaching 9.5kg (23.1 lb.) 
(Chicago Tribune 2006, 
Photo: S. Gallup). 
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 Larger modern commercial breeds (Figure 4.1), such as the Californian, Flemish Giant 
or New Zealand White, can weigh over 8kg but tend to be sold jointed using a seven-part 
cutting pattern. This consists of separated left and right forelimbs, separated left and right 
ribcage, the loin ‘saddle’ that reaches back just anterior of the pelvis, and separated left and 
right hindlegs (Swartland 2004, 175). 
 
Badger: 
Badgers were eaten in this country in the past, and recipes survive that describe how it was 
cooked, though the current threat of their being infected with bovine tuberculosis (a zoonose) 
could make it a risky meal today. A mature adult badger averages between 28-35 pounds (12.7-
15.9 kg) in weight, though larger animals are recorded. It is suggested that badger tastes like 
young pig and may be treated in the same way for cooking, with October to November being 
the optimum time for consumption as the animals are ‘fat and succulent at this time’ (Smith 
c.1950). The same author outlines several ways of using badger meat, such as in hot or cold pies 
(seemingly better tasting than pork pies!), and mentions its meat is particularly good when cured 
by salting. He includes the following recipe for badger hams, which were considered a very 
acceptable way of eating the animal: 
“To Bake a Badger Ham: 
A badger ham will weigh 7 to 8 pounds and needs cooking very carefully. Soak the 
ham for at least 6 hours in cold water. Wash it after soaking in lukewarm water. 
Cover it with a rough paste made with 3 pounds of flour and 3 pounds of water; 
make sure to wrap it well. Bake in a moderate oven, pre-heat to 350°F for 2½ to 3 
hours. Remove the paste and cover with bread raspings whilst still hot, if to be 
served cold. If to be served hot, serve with broad beans and fresh parsley sauce or 
cider sauce” (Smith c.1950).  
 
 This recipe is not unique; Cameron recommends that badger hams can be cured by 
smoking over birch-wood in the same way as bacon, with this delicacy then eaten hot or cold, 
with badger fat used for cooking (such as by peasants in Gloucestershire), or applied externally 
as a cure for rheumatism and colds (Cameron 1977, 16-17).  
 
Beaver: 
Another ‘smallish’ mammal often eaten in Europe in the past is beaver (Castor fiber), although 
its size and weight is surprising as it has a similar body weight to roe deer (Coles 2006, 53) or 
small sheep, as an adult weighs 20-30kg, with a comparable amount of meat obtained. Beaver 
(Castor canadensis) was regularly hunted throughout Canada and North America, and the meat, 
especially the hindquarters, could be preserved by salting or smoking. Beaver was also a good 
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source of fat, especially from late autumn when fattened for the winter. In particular its tail was 
rich in fat, apparently increasing from 7% to 60% fat over the year (Müller-Schwarze and Sun 
2003, 25, cited by Coles 2006, 55). 
 
Hedgehog: 
Hedgehog may be cooked in a variety of ways, such as baked whole within a ball of clay and 
roasted in the ashes of a peat or wood fire. Alternatively it can be cleaned, skinned and jointed, 
then stewed with small bread crusts, salt, pepper, and a bay leaf or sorrel. Seemingly thin bread-
and-butter and watercress go well with hedgehog (Cameron 1977, 16-17). 
 
4.2 Rationale for exploitation 
As with large mammals, smaller non-ungulate species are potential sources of a range of dietary 
produce, including meat, offal, fat, blood, marrow, and bone grease. For these latter resources, 
evidence suggests that while marrow extraction began in the Plio-Pleistocene, processing bones 
for grease is much more recent, though the exact starting date is unclear (Munro and Bar-Oz 
2005, 224), but such a practice is feasible given the nutrient contained. Although smaller-sized 
they provide as many nutritional benefits as larger species, but in ‘smaller packages’ (Hockett 
and Bicho 2000). As such they may have been specifically hunted in their own right, though 
equally may have been deliberately sought or targeted for any of a number of other reasons. 
Firstly, they could have been used to supplement the dietary products provided by larger 
species, perhaps to add variation to the diet, or trapped as a risk reduction strategy in case tribe 
or group members were unsuccessful when hunting larger mammals. Setting up traps or snares 
would have required little effort or risk, so could be done by many people within the 
community, including younger, older, or infirm members of the group who would be unlikely to 
participate in more strenuous, risky activities such as hunting larger, potentially dangerous 
species, as discussed previously. Certain taxa could have been specifically targeted for their 
taste, which would differ between species, and so maybe even considered a delicacy by different 
cultural groups or individuals. Another good reason would have been their seasonal availability 
and abundance at a time when there were fewer large species in the immediate area.  
 Another consideration is that unlike large mammals few smaller species could be 
considered dangerous, although all are able to bite and kick and could inflict minor, but painful, 
injuries. Most could also be hunted or trapped by individuals, so would not require hunting in 
groups to obtain them, which raises questions regarding who actually caught them in prehistory. 
There is the possibility of division of labour, with trapping of smaller mammals potentially 
undertaken by women, children and juveniles, as well as men, while examples from many 
ethnographic societies suggests it was more likely that men hunted the larger species. Finally, a 
single person could easily transport one or more whole carcases of these smaller mammals. This 
negates the need for field butchery (although they could be ‘paunched’ (gutted) at the kill site), 
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unlike large mammals where dismemberment of large carcases would have been necessary for 
transportation and best achieved by a group of people. Being smaller the whole animal could be 
recovered, whereas for large mammals recovery of flesh or certain body parts is often prioritised 
according to qualitative or quantitative factors such as meat utility indices or fat content 
(Binford 1978; Metcalfe and Jones 1988), and the presence of such a large carcase poses a 
greater threat to people from other predators, such as wolves or bears. A final benefit is that 
their smaller size means that reduced cooking times are needed compared with larger species, so 
less fuel is required for the process; an important consideration in areas where fuel, such as 
timber, is limited. Subsequent experiments by the author found that an adult rabbit could be 
roasted in a hot (preheated) clay oven within about 15 minutes. 
 Hunting smaller species would also provide manageable sized portions to eat without 
the need to preserve large quantities of excess meat (such as by smoking or salting), as would be 
the case for larger mammals, unless utilised as part of a group or community activity like 
feasting. Conversely, there could have been inter-group or family co-operation to address this 
problem, and it is most likely that one carcase would have been shared between those within a 
settlement. Although such processing would have probably been a regular practice for people 
without the modern conveniences of refrigerators or freezers it may have been healthier to eat 
fresh meat rather than smoked or salted. One advantage, particularly applicable to farming 
groups in the Neolithic and later periods, is that hunting wild species (whether small or large) as 
a dietary supplement or variant would negate the need to slaughter a whole valuable stock 
animal for meat. This may particularly have been the case in the Neolithic during the earliest 
stages of farming, when livestock numbers may have been limited and a mixed regime of 
hunter-gathering and farming may have been necessary while suitably sized herds or husbandry 
practices were being established.  
 There are also seasonal benefits to hunting smaller species. Most do not migrate, as they 
are usually able to find adequate food resources in the immediate area; being smaller means 
they require less volume of food than larger animals. This reduces, or negates, the need for 
people to move settlement or travel long distances to find them. Then there is their general 
abundance. Many, including marmots (ground squirrels), live in colonies and so provide a 
constant, usually plentiful, supply of prey in one location for most of the year. They hibernate 
but could still be predated if found, and sites like Riparo Tagliente have produced numerous 
marmot bones with cut-marks (Peretto et al. 2007). Being smaller their reproductive cycles are 
also shorter than those of larger species and many, such as rabbits, have bimodal breeding 
cycles so may breed at any time during the year, although they tend to produce young in the 
spring and autumn to correlate with optimal food supplies (Hockett and Bicho 2000, 721). The 
result is more frequent litters that usually contain multiple (sometimes numerous!) offspring. 
Smaller species like hare or rabbits also tend to mature rapidly, reaching maturity well within a 
year and usually within weeks or a few months at most, so enabling rapid replenishment of 
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available resources at a faster rate than larger mammals, even in the face of increased harvesting 
(Stiner et al. 2005, 162). 
 Conversely, smaller mammals have the disadvantage that they are physically smaller 
with a lower meat-bone ratio than larger mammals and provide less meat per carcase, so a 
number are needed to produce a comparable quantity of meat. As with most species, the quality 
and quantity of meat, fat, and skin per animal varies with seasonal food availability, resulting in 
exploitation related to the cycle of seasons. A further disadvantage is the time required to 
process larger numbers of prey to produce an equivalent amount of meat, although they could be 
cooked whole and the meat eaten directly off the bone, which would obviate the need for 
processing such as filleting. Furthermore, some hibernate, including marmots, squirrels and 
hedgehogs, which reduces or ‘removes’ their year-round availability, though if located could 
provide an easy meal, and one rich in fat if discovered soon after autumn when such reserves 
would be at their maximum in preparation for winter. Their smaller size also results in increased 
competition with non-human predators to acquire them. While larger mammals would variously 
have been prey for larger predators like cave felines, bear, and wolverine, or pack animals like 
wolves, small mammals would not only have been susceptible to predation from these, but also 
from smaller predators such as fox and badger, and raptors like eagles, owls and buzzards. 
 
4.3 Dietary benefits…and drawbacks 
4.3.1 Meat 
The meat from smaller mammals usually differs in taste and characteristics from that of the 
species that most Western European populations are used to eating, though it is often 
comparable in terms of nutritional content (Table 4.1). For example, guinea pig meat is 19% 
protein (Fiedler 1990, 153). 
 
Table 4.1: Comparative nutritional values of smaller game compared with larger game and 
domestic mammals: 
Animal 
(100g) 
Calories 
(kcal) 
Protein 
(g) 
Fat 
(g) 
Calcium 
(mg) 
Iron 
(mg) 
Phosphorus/ 
Potassium 
Niacin (mg) 
/ Other 
Source 
Dog 274 14.6 23.4  
No 
info 
  
(Southgate 
2000) 
 
European 
Rabbit 
 
 
194.5.5 
 
 
23.6 
 
 
10.2 
 
 
110.9 
 
 
2.2 
 
Phosphorus 
263.4 
Potassium 
383.3 
 
Niacin 
3.6 
(Calculated from 
Hockett and 
Bicho 2000, 
Table 6)* 
 
Rabbit 
 
126 
 
22.2 
 
4 
 
Yes 
 
Yes 
 
B vitamins 
B12, Zn, 
 
(Southgate 
2000) 
4: Exploitation of small mammals for dietary products 
P a g e | 291 
Cottontail 
Rabbit 
114       
(Byers and Ugan 
2005, Table 2) 
 
Hare 
 
144 
 
24.2 
 
8 
 
20.7 
 
2.2 
 
Thiamine 
0.08 
Riboflavin 
0.21 
 
(Keene 1985, 
Table 6.5) 
Hare 115 21.5 3.1     
(Southgate 
2000) 
Arctic 
Hare 
  
 
2.5 
   
Vitamin C 
1.3mg/100g       
(raw meat) 
 
(Geraci and 
Smith 1979) 
Gopher 
(Thomom
ys sp.) 
120       
(Byers and Ugan 
2005, Table 7) 
Canadian 
Beaver 
146       
Byers and Ugan 
2005, Table 2) 
Nutria+ 
(Myocast
er coypu) 
 22.3 1.78    
Moisture 
72.1 
(Saadoun et al. 
2006, cited by 
Hoffman 2008, 
96) 
Capybara
+ 
 20.9 1.81    
Ash 1.18 
Moisture 
74.4 
Cholesterol 
45.7 
(Girardi et al. 
2005, Table 1) 
Squirrel 
 
110 
 
26.3 
 
0.4 
 
Yes 
 
Yes 
 
B vitamins 
B12, Zn, 
(Southgate et al. 
1991, Table 4) 
Muskrat 162       
Byers and Ugan 
2005, Table 2) 
Frog 68 15.3 0.3     
(Southgate 
2000) 
Snake 94 14.4 3.3     
(Southgate 
2000) 
Pig** 371-373 10-14 
35-
55 
Yes Yes  
B vitamins 
B12, Zn, 
(Southgate 
2000) 
 
Pork (loin) 
 
 
272.8 
 
 
32.9 
 
 
14.1 
 
 
9.6 
 
 
1.4 
Phosphorus 
2310.3 
Potassium 
4110.8 
 
Niacin 
6.9 
 
 
(Calculated from 
Hockett and 
Bicho 2000, 
Table 6)* 
4: Exploitation of small mammals for dietary products 
292 | P a g e  
 
Pork 
(ribs) 
 
 
394.5.4 
 
 
23.6 
 
 
30.6 
 
 
44.5.0 
 
 
1.9 
 
Phosphorus 
255.1 
Potassium 
3110.9 
 
Niacin 
5.5 
 
(Calculated from 
Hockett and 
Bicho 2000, 
Table 6)* 
 
Deer 
 
 
154.5.6 
 
 
30.6 
 
 
3.4 
 
 
4.5.1 
 
 
4.6 
 
Phosphorus 
225.7 
Potassium 
333.9 
 
Niacin 
6.7 
(Calculated from 
Hockett and 
Bicho 2000, 
Table 6)* 
 
Caribou 
119 
(meat) 
900 
(fat) 
 
26.7 
1.2 
(mea
t) 
100 
(fat) 
 
28 
 
1.9 
 
Thiamine 
0.17 
Riboflavin 
0.5 
 
(Keene 1985, 
Table 6.5) 
Beef 100 273 
14.5.
5 
 11  Niacin 3.2  
Buffalo 
 
120 
 
14.5.7 
 
4.9 
 
Yes 
 
Yes 
 
B vitamins 
B12, Zn, 
(Southgate et al. 
1991, Table 4) 
Horse 
 
170 
 
19 
 
10 
 
Yes 
 
Yes 
 
B vitamins 
B12, Zn, 
(Southgate et al. 
1991, Table 4) 
Brown 
Bear 
(Ursus 
arctos) 
161       
(Byers and Ugan 
2005, Table 2) 
* Hockett and Bicho 2000*, Table 6 figures after Anderson and Deskins (1995). 
      ** Whole carcass            + g/100g portion of fresh meat 
 
 A table calculating the dietary percentages of different North American species was 
calculated by White (1953), demonstrating the relative amounts of usable meat obtained by 
large and small species (Table 4.2). 
 
Table 4.2: The dietary percentages of various North American species, indicating the 
usable meat from various small and large species (White 1953, Table 14): 
         
4: Exploitation of small mammals for dietary products 
P a g e | 293 
             
               
4: Exploitation of small mammals for dietary products 
294 | P a g e  
                
 
Dog as meat: 
One species that few people in the West would consider eating today is dog, although it is 
popular in Far Eastern and Asian countries (see for example Parker 1991) and archaeological 
evidence shows it was eaten by many prehistoric populations, including those in Europe, where 
dog-eating was thought to have been widespread during the Neolithic and Bronze Age (Bökönyi 
1974, cited by Serpell 1995, 248), the Americas (Clutton-Brock and Hammond 1994; Hannus 
2004) and Asia (for example Higham et al. 1980; Piper et al. 2012). 
 Some consider dog to be the first species to have been domesticated (Van Giffen 1929, 
cited by Brothwell 2004, 11), and one suggested reason for its domestication was to provide a 
ready supply of meat (Manwell and Baker 1984, cited by Simoons 1994, 201); dog meat 
seemingly containing the same amount of protein as lean pork, though less fat (Simoons 1994, 
201). There is even evidence of dogs being specifically farmed for their meat in areas like 
Belize and killed at the end of their first year (Clutton-Brock and Hammond 1994). They were 
initially utilised as a daily foodstuff, but in the Mayan Late Preclassic times it has been 
suggested that they were increasingly used for ceremonial purposes, for which they were 
deliberately fed maize (White et al. 2001).  
 
Hare and rabbit: 
While the meat of some species, such as hare, has been shown to have a lower calorific value 
than meat such as pork, it is higher than other meat like venison. A number of studies have 
shown that rabbit meat is highest in protein, yet lower in calories and fat content than chicken, 
lamb, pork, and beef meat, while others have recorded it as also being low in sodium and high 
in polyunsaturated fatty acid compared to poultry and other red meats (Janieri 1987, USDA 
1963, cited by Benecke 1999). 
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Table 4.3: Chemical composition and energy value of rabbit meat portions (Hernàndez 
and Dalle Zotte 2010, cited in Dalle Zotte and Szendrő 2011, Table 1): 
         Forelegs 
          Loin 
(m. Longissimus 
      dorsi) 
         Hindlegs          Carcass 
 
Average 
± SD 
No.
a
 
Average 
± SD 
No.
a
 
Average 
± SD 
No.
a
 
Average 
± SD 
No.
a
 
Water, g/100 g 63.6 ± 1.3 4 74.6 ± 1.4 24 73.8 ± 0.8 33 610.3 ± 2.6 6 
Protein, g/100 g 110.8 ± 0.4 3 22.4 ± 1.3 21 21.7 ± 0.7 31 20.3 ± 1.6 6 
Lipid, g/100 g 10.9 ± 2.5 4 1.8 ± 1.5 24 3.4 ± 1.1 36 3.6 ± 2.3 6 
Ash, g/100 g – – 1.2 ± 0.1 14 1.2 ± 0.05 20 1.8 ± 1.3 4 
Energy, kJ/100 g 899 ± 47 2 603 1 658 ± 17 7 789 ± 11 3 
a
 Number of studies found in literature 
 
 Uncooked, ground lean rabbit meat also has a cholesterol content of about 163.6 + 3.1 
mg/100g DM, which is comparable to the lower ranges of cholesterol from poultry and common 
red meat (Lukefahr et al. 1989), with the loin saddle containing the highest protein (Table 4.3) 
with essential amino acids and lowest fat levels for the meat (Szkucik and Libelt 2006). Rabbit 
meat also provides a significant source of vitamin B (including B2, B3, B5, B6, B12), is very 
low in sodium but high in phosphorus (Dalle Zotte and Szendrő 2011, 328). 
 
Rodents: 
The meat of rodents provides protein and essential amino acids essential in the human diet 
(Fiedler 1990, 149).  
 
4.3.2 Marrow 
It has been shown, using actualistic studies, that the six main limb long bones in a rabbit 
weighing c.750g can provide (when boiled) c.3g of marrow per animal, while those of Iberian 
hare (Lepus granatensis) weighing c.1820g produce c.7g. The authors also calculated that the 
190 rabbits from Picareiro Cave (Portugal) would have provided almost 5000 calories to the 
inhabitant’s diet (Hockett and Bicho 2000, 720). It may be argued that in calorific terms this 
would not sustain an adult for long, but it could have been sought for reasons other than purely 
its calorie value, such as its taste, as a delicacy, for dietary variation, or for its fat content. It 
could even have been employed as a food for weaning children, as the marrow would have 
softened when heated and as a semi-solid would have been easier to swallow and digest than 
most meat, though there is no archaeological evidence to support this suggestion. 
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4.3.3 Fat 
Wild animals usually have a lower fat content than comparable domesticated species (Southgate 
2000, 367), though fat content varies between species. For example, hedgehog contains much 
fat, and rabbit meat contains twice as much fat as deer meat (Hockett and Bicho 2000, 721), 
while the body of an arctic hare (Lepus arcticus) contains c.91.2g of fat, with a ratio of 2.5g fat 
per 100g lean meat. In terms of caloric value, the fat in an average-sized animal (body mass 
3,809g) has been calculated at 8410.2 kcal, though there is seasonal variation (Best and Henry 
1994, 3). 
 
4.3.4 ‘Rabbit starvation’ 
Despite rabbit being low in fat, there are circumstances under which eating them would have 
severe drawbacks. The most significant of these occurs when hunter-gatherer diet is restricted to 
mainly protein, along with only any residual fat in the meat, having depleted most carbohydrate 
reserves. The resultant reliance on a mainly leporid, high protein, lean meat diet invariably 
produces nutritional stress and a condition termed ‘rabbit starvation’ (Speth and Spielmann 
1983, 3) that is potentially fatal: 
“…If you are transferred suddenly from a diet normal in fat to one consisting wholly of rabbit 
you eat bigger and bigger meals for the first few days until at the end of about a week you are 
eating in pounds three or four times as much as you were at the beginning of the week. By that 
time you are showing both signs of starvation and of protein poisoning. You eat numerous 
meals; you feel hungry at the end of each; you are in discomfort through distention (sic) of the 
stomach with much food and you begin to feel a vague restlessness. Diarrhoea will start in from 
a week to 10 days and will not be relieved unless you secure fat. Death will result after several 
weeks…” (Stefansson 1944, 234 cited in Speth and Spielmann 1983, 3). 
 
4.4 Archaeological evidence for prehistoric food processing 
4.4.1 Preparation 
Evidence of food processing may be seen as the way in which the bones, and therefore the 
original carcase, have been modified. The problem with all small game is that most may be 
prepared, cooked, and consumed without leaving any visible trace on the residual bones. More 
evidence is likely to be visible if animals were stripped of their meat. With pig (historic period) 
filleting marks on the frontal bones may indicate removal of flesh for brawn, and the cheeks (the 
masseter muscles are often well developed) also removed; this has also been recognized with 
horses in recent times. Finally, removal of tongue may leave cut-marks inside the mandible 
where the flesh is in close proximity to bone. Despite their size, smaller species could also be 
left with similar marks on their bones. Less intervention marks are likely where only the fur is 
removed, as case-skinning may leave only a few marks on muzzle and paws. 
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4.4.2 Cooking 
Europe: 
The question of how animals were prepared and cooked in prehistory is often unanswerable, 
though occasionally archaeology provides potential indicators of this. At Picareiro Cave 
(Portugal), excavation of Upper Palaeolithic deposits revealed large Magdalenian hearths 
situated towards the back and east of the cave, along with numerous rabbit bone fragments 
(73% of all recovered rabbit remains), some of which bore evidence of burning. It is thought 
that the hearths were used for food preparation, with meat from both rabbit and larger species 
most likely cooked by roasting or smoking (perhaps used to preserve the meat). Though no 
direct evidence for this was found, such as meat rack postholes, it was thought that smoke 
would be retained longer with the hearths sited where they were (Bicho et al. 2006, 489-490). 
While it is rarely possible to identify the method of cooking, Hockett and Bicho (2000) have 
suggested from the pattern of burning on the rabbit bones that the animals were roasted whole, 
either within hot coals or over them, perhaps on a spit, and that the carcasses were dismembered 
after cooking for eating (Hockett and Bicho 2000, 719).  
 Another explanation for the lack of vertebrae on some sites may be due to these bones 
being milled with stones and mashed to make bone meal, though the possibility that these 
elements were discarded elsewhere cannot be discounted. Although no grinding stones were 
recovered from Picareiro they have been found at other Portuguese sites, such as a Magdalenian 
level at Cabeço do Porto Marinho (Bicho et al. 2001, cited by Hockett and Haws 2002, 277), 
and from Solutrean and Gravettian contexts at Vale Boi (Bicho 1994, 669). The presence of 
burned or calcined bones is not absolute proof of cooking, as the meat could have been eaten 
raw and the bones merely discarded onto a fire, but the fact that bones from small mammals 
were thrown into a fire indicates their acquisition by the inhabitants.  
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 The way in which marrow was eaten is also open to question as it could have been 
consumed raw or heated, though personal experience shows that marrow becomes less solid 
when warmed, making it easier to extract. Bicho et al (2006) discuss consumption of rabbit 
marrow from bones recovered at Picareiro Cave (Figure 4.2), suggesting that: 
 “…ends of these marrow-bearing long bones were snapped or bitten off, 
discarded to the side, and then the bone marrow was pushed or sucked out of the 
tubes after the carcasses were roasted…The bone marrow probably was removed 
after the rabbit carcasses were cooked. Raw rabbit bone marrow may be in liquid 
form and is easily lost if the ends of the long bones are broken before cooking
19
. 
During heating, the marrow solidifies into a soft core of fat, and stays inside the 
medullary cavity until removed…” 305 rabbit bone specimens were charred, the 
majority of which are limbs and feet. The lack of burned cranial fragments 
suggests the heads might have been removed prior to cooking or smoking. The 
pattern of burning, in which approximately 5–10% of limb and feet bones were 
charred, suggests the roasting or near-fire smoking of whole carcasses minus the 
heads…” (Bicho et al. 2006, 490-491). 
                                                     
19
Experiments carried out during this research showed that the opposite was true to what these authors 
suggest, with cold, uncooked raw marrow existing in more solid, gelatinous form, but becoming more 
liquid with heating. Hence the rabbit bones were likely to have been warmed prior to marrow removal. 
Figure 4.2: Rabbit long-bone 
cylinders from Picareiro Cave 
(Portugal), which are the 
remnants left after the bone ends 
were bitten off by the cave 
inhabitants to access the marrow  
(Bicho et al. 2006, Fig.4). 
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4.5 Ethnographic evidence for food processing and consumption 
Numerous written accounts record ethnographic and ethnohistoric use of smaller species, while 
in recent years there has also been an upsurge in interest in ethnographic societies within the 
media. This is no doubt due to increased awareness of environmental and sustainability issues 
by Western civilisations, but has resulted in a corresponding increase in television programmes 
on the subject. More recent documentaries include those by Bruce Parry, who spent time with 
various contemporary hunter-gatherer tribes experiencing their life-styles; for many of those 
using small mammals, such as rats, was considered usual fare (Parry 2007). 
 
Canada and North America: 
There are various ethnohistoric accounts recording which small mammals were utilised, and 
how. Historic accounts of inland Eskimo survival show that they relied on caribou for 70-80% 
of their diet, with the remaining proportion consisting of rabbit and ptarmigan that they snared, 
and fish from lakes and rivers (Stefansson 1913, 449). Conversely, for the Eskimos from Prince 
Albert sound three-quarters of the diet was polar bear, which they harpooned through breathing-
holes in the ice. In other areas muskrat, beaver, and moose were hunted as game. However, 
muskrat was sometimes considered supernatural and so while the tails were used as talismans 
and charms the meat and hide was often discarded and the more inferior skins of marmot 
utilised instead. Bush (snow-shoe) rabbit were trapped and snared in the areas between the 
Mackenzie and Anderson Rivers due to their abundance, as were lynx (Stefansson 1913, 454-
456). Most Eskimo tribes ate marmot, which they acquired by snaring and hunting, using 
various methods, the most recent being shooting. The exception was those tribes just east of the 
Mackenzie delta; to them the animal was taboo (Stefansson 1913, 456). Conversely, ground 
squirrel meat was considered a delicacy by many Copper Inuit (Oakes and Riewe 1996, 46). 
 The chief game animals of the Luiseño Indians were thought to be jackrabbits and 
rabbits rather than larger game given their ‘crude weapons’ (Sparkman 1908, 197). These were 
originally acquired either by trapping with snares and draw nets, being driven into long nets by 
a group of people, shot using bows and arrows, or killed with a curved stick. In more recent 
times they were hunted on horseback with long sticks or shot with guns. They were sometimes 
cooked in an earth oven
20
, after which the bones and flesh were ground up in a mortar for 
immediate or future use, though more often they were simply broiled on hot coals. The Luiseño 
                                                     
20
 This is a pit dug in the ground, into which stones were placed. A fire was then built within the pit, 
which was kept burning until the stones were heated through. The item to be cooked was then placed 
among the stones, and then covered with earth. Sparkman, P.S. 1908 The Culture of the Luiseño. 
University of California Publications in American Archaeology and Ethnology. 8(4), 187-234. 
http://www.sacred-texts.com/nam/ca/coli/index.htm 15/03/2011. 
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Indians also ate woodrats, which would be flushed out of their nest (which usually housed one, 
maybe two, animals) by either setting it on fire or overturning it. The woodrats were then killed 
with sticks or bows and arrows. Other small mammals consumed included mice, rats, and 
ground squirrels, which were cooked by broiling on coals, as were birds such as quails 
(Sparkman 1908, 198). 
 The Iroquois (New York) were recorded as eating a variety of small mammals including 
rabbits and hares, woodchuck (Arctomys monax), muskrat (Fiber zibethicus), skunk (Mephitis 
mephifica), and various squirrel species, though they seemingly generally avoided carnivores. 
One preferred food was beaver, which was eaten smoked or fresh, with the tail particularly 
enjoyed (Waugh 1916, 135). Others also considered beaver tail a delicacy. Soup could be made 
from it, when it would be cut into short (15cm) lengths (as reflected in the beaver bones from 
Pas Reserve site), or it could be cooked directly over a fire: 
“…The main thing to remember about beaver tail is not to overcook it – it goes to mush. My 
Dad used to…scorch it real good over the campfire – the hide peels right off then. After that you 
barbecue it just long enough. The outside would be nice and crisp…” (People of 'Ksan 1980, 
108 cited by Tamplin et al. 1983, 25).  
 
South America: 
In Venezuela, capybara
21
 are harvested as a regular source of meat, though it tends to be fatty 
and the taste varies due to the oil content in the fat. So the animals are harvested during the dry 
season when the meat is least fatty (Fiedler 1990, 153). The carcase is skinned, and the flesh 
deboned. The meat is then washed thoroughly and covered in coarse salt; this is followed by it 
being folded and after 12 hours hung out to dry in the sun on poles (Hoffman 2008, 97). When 
cooking it is necessary that the meat is boiled at least three times to reduce the fat levels, with 
the water and fat discarded (Fiedler 1990, 153). 
 The Indians of the Amazon River basin prepare woolly monkey (Lagothrix lagotricha) 
by searing it over a fire to singe off its fur (Figure 4.3). It is then cooked by smoking it slowly 
over the fire for several days, which serves to help preserve the meat and also prevent any 
contamination of it by insects and their larvae (Amazon-Tribes.com 2007-2011). 
 
                                                     
21
 Capybara (Hydrochoerus hydrochaeris) are the largest rodents in the world. They are found in South 
America and the size of a pig, reaching c.50kg in weight University of California Museum of 
Paleontology (UCMP) Rodents. http://www.ucmp.berkeley.edu/mammal/rodentia/rodentia.html 
5/09/2008.. Like guinea pig it served as a valuable food source; while species like porcupine were widely 
hunted in Africa and North America. 
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Figure 4.3: Amazonian Indian cooking a woolly monkey. First the fur is singed off, and then the 
meat cooked. The blue parrot feathers are used to fan the fire (Amazon-Tribes.com 2007-2011, 
Photo: Jacek Palkiewicz). 
 
Africa: 
An ethnographic study of a sedentary Kalahari community, the Kutse, showed that larger 
animals killed in a trap would be gutted well away from it, to avoid deterring other animals due 
to the smell of the dead animal’s stomach contents. Initial butchering comprised removing the 
lower limbs and skull, with the animal then jointed for transport; in some instances it was 
roasted at the kill site to reduce weight. Conversely, smaller mammals, such as mongoose, 
squirrel and hares would be brought back whole, with the latter skinned, butchered, and cooked. 
Other smaller mammals would have their fur singed, then buried in hot ashes and roasted for a 
short time; it was only after cooking that these would be butchered (Figure 4.4). Kutse women 
usually butchered smaller species, including birds and squirrels, though sometimes dealt with 
larger mammals (Kent 1993, 337; 339). 
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Figure 4.4: A slender mongoose being butchered prior to roasting in the hearth ashes, after 
having its fur singed off. It is usually Kutse women who butcher small mammals, though men do 
occasionally (Kent 1993, Fig.5). 
 
 When these people cooked smaller mammals such as squirrel, slender mongoose, or 
wildcat, they usually roasted them, while those that were slightly larger (like hares, foxes, and 
steenboks) were boiled whole in a single pot. On occasions, the boiled remains were then 
processed by placing them in a wooden mortar and chopping them up to produce shredded meat 
(Kent 1993, 342). Research by Tuma (2006) into the subsistence behaviours of a rural African-
American community recorded the changes seen on the bones of four small mammal species 
from different butchery (Table 4.4) and cooking practices (Table 4.5). 
 
Table 4.4: Typical butchery marks seen on the bones of small mammals (opossum, 
raccoon, squirrel and rabbit)(Tuma 2006, Table 2). 
Activity Affected bones Butchery marks 
 
Skin removal 
Carpals, Distal radius and ulna Transverse cuts 
Distal tibia, astragalus and 
calcaneus 
Transverse cuts 
Head removal Atlas and/or axis Chop, cleave or cut-marks 
 
Feet removal 
Distal radius and ulna, carpals or 
Radius and ulna 
Transverse cuts 
Cut or chop through distal shaft 
Distal tibia and tarsals or 
Tibia 
Transverse cuts 
Cut or chop through distal or midshaft 
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Rib removal 
Proximal rib shaft and transverse 
processes of thoracic vertebrae 
Cut and chop-marks 
Division of  
vertebral column 
Cervical, thoracic and lumbar 
vertebrae 
Cleave and chop marks 
Separation of  
hind limbs 
Pubic symphysis Cleave or chop marks 
Sacral vertebrae Chop marks to one side 
Disarticulation  
of limbs 
Articular ends of scapula, 
humerus, radius, ulna, pelvis 
(acetabulum) femur and tibia 
Cut-marks 
 
Table 4.5: Typical effects of cooking on small mammal bones (Tuma 2006, Table 3). 
Animal Body part  Cooking method Effect on bones 
Rabbits, Raccoons, 
Opossums, Squirrels 
Vertebrae, ribs  
and limbs 
Boiled / Stewed 
in gravy 
Destruction of bone collagen 
Vertebrae, ribs  
and limbs 
Boiled / Baked 
Destruction of bone collagen; may  
cause slight burning to exposed bone 
Rabbits, Opossums, 
Squirrels 
Vertebrae, ribs  
and limbs 
Fried 
May cause slight burning to  
exposed bone 
 
Australia: 
The Aborigines of the eastern Western Desert have strict rules on how caught game is processed 
and divided. The person who hunted the animal never cooks or distributes it; instead it is the 
responsibility of someone with a certain kinship relation to the hunter, with the preparation of 
the animal carried out in a rigidly defined fashion. The cooked animal is divided into nine 
pieces, with these divided to relatives of the cook and re-distributor. The hunter receives the 
head, neck and spine, while his wife, who receives no part of the hunter’s share, is given part of 
a hind leg from her parents. Children accept meat from anyone who will give it (Hamilton 1980, 
10). 
 
4.6 Cultural attitudes to foods: Preferences, biases, and taboos 
Food preferences and attitudes towards what are considered acceptable species to eat can vary, 
with ethnographic, historic, or documentary sources providing useful insights. For example, 
Hosking (2006) records that in the medieval period hedgehogs and fox were recorded as eaten, 
especially: 
“…when fattened on autumn grapes…Messisbugo and others included dormice on 
their menus. Bruyerin says in the Auvergne people eat squirrels and Poles serve 
them at banquets. Porcupines were used in pâtés or roasted on a spit larded and 
stuck with cloves. Sebizius commends the musky fragrant odour of the flesh of 
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marten…and definitely prefers it to fox. In the Alps marmots were roasted or made 
into a black broth based on their own blood. Badgers are reported in Savonarola; 
Gesner says they’re cooked with pears. Beaver tail was also served in more elegant 
dinners, especially for Lent, because ‘Carnern comede Pontificos est concessum’, 
that is, because always in water, this part of the animal could be considered 
fish…” (Hosking 2006, 11-12). 
 Conversely, there are also dietary biases and taboos, with certain societies and cultures 
having strict laws regarding which animals may be eaten. For example, the book of Leviticus 
outlines the Hebrew dietary laws, mentioning which animals were ‘clean’ and able to be eaten 
and those to be avoided. Eating smaller species like coney (hyraxes or rock rabbits) and hare 
were forbidden as they lacked divided hooves and did not chew the cud (Rixson 2000, 55). 
Even in our own Western European society there are prejudices, such as aversion to eating road-
kill, horse, or particular species. Contravening what most consider ‘acceptable’ can provoke 
violent reactions, as one man from Somerset found out when a local news channel reported his 
habit for eating animals, such as badger or hare, that had been killed on the roads. Reactions 
from some of the local community ranged from disgust and being ostracised, to threatening 
behaviour. On a larger scale, another example is the use of ‘bushmeat’ in certain countries, such 
as those in Africa, and the consumption of a range of species exotic to us. What local 
inhabitants see as normal practice has at times been condemned by our Western society, though 
in part this reflects our concern for threatened species. 
 But identifying such concepts from the archaeological record is difficult or even 
impossible. The absence of faunal remains at a site does not preclude the consumption of that 
animal by its occupants. The vagaries of preservation, recovery methods, and success in 
accurately detecting anthropogenic usage can all create anomalous results. Equally, the presence 
of bones from one species does not guarantee that everyone consumed it, and there may have 
been local cultural or social taboos on who could, or could not, butcher or eat a particular 
animal. 
 
4.6.1 Rodents 
Rodent species have proven useful to humans in different parts of the world, either as food or 
for their fur. Guinea pigs (Cavia porcellus) were, and still are, a popular food in South America 
and were bred for consumption by the Incas (Clutton-Brock 1999, 186), though have also 
fulfilled other ritual roles (Bolton 1979; Sandweiss and Wing 1997), in religious ceremonies 
(Clutton-Brock 1999, 186), and healing (Morales 1995). While some might find it unappealing, 
rodent meat provides protein and essential amino acids essential in the human diet. They are 
also generally abundant, especially where human population is denser and there is a ready food 
supply, and fairly easily caught. For example, Filipinos commonly eat Philippine ricefield rats 
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(Rattus rattus mindanensis) and Asian ricefield rats (Rattus argentiventer). These are skinned, 
gutted, and sundried, then deep-fried and served in coconut oil (Fiedler 1990, 150). 
 A further advantage is that rodents are generally considered pests, so rarely prohibited 
by game laws. The U.S. National Academy of Sciences has been researching the potential food 
use of ‘microlivestock’, which includes rodents (Fiedler 1990, 149). Yet while Roman 
consumption and subsequent domestication of dormice indicates they considered rodents an 
acceptable dietary resource, many people in the West today would be unlikely to share this 
view. Yet evidence shows that various rodent species, such as cane rat and bush rat, are 
regularly eaten in parts of the world, especially tropical areas, where they provide a popular, 
widely accepted protein source. Fielder (1990) states that over 71 rodent genera and 89 rodent 
species have been eaten by humans, although the majority of these are hystricomorphs (cavies). 
Furthermore, there has even been domestication of certain rodent species for economic 
purposes, to provide a ready food supply on a local or commercial scale. However, including 
rodents within the diet is not (and would not have been) risk-free as they are a potentially 
serious source of zoonoses
22
; in modern times a further threat comes from eating animals from 
areas treated with pesticides harmful to humans (Fiedler 1990). 
 A good example of the variation in socio-cultural variation in food taboos is 
demonstrated by Stefan Gates (2009) investigating the foods eaten by different societies in other 
countries. One place visited was Bihar (India), where he joined the Dalit to examine the 
variation in foods eaten in cities and rural areas, particularly the diet allowed to different castes. 
Grain was the privilege of higher castes, and protected by an upper caste army, but at the other 
extreme the lower castes caught rats in the fields for eating, with the lowest caste, the Musaha, 
eating only rat. Gates tried eating rat (Figure 4.5), reporting it to be like ‘roast chicken’. 
 
  
                                                     
22
 Zoonoses (or zoonotic diseases) are diseases and infections that can be passed from animals to humans 
and vice-versa. 
Figure 4.5: Stefan Gates in 
Bihar (India) eating rat  
(cooked) caught in the local 
grain fields (Gates 2009). 
Copyright BBC Worldwide 
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 “Modern eating of squirrel is met with mixed reaction”. These were the headlines of a 
recent newspaper article relating how a north London Budgens store regularly sells ten to fifteen 
squirrels a week, and clearly illustrates the polarity in popular opinion. While the store owner 
stated that squirrel “…tastes lovely…” and cited it as a sustainable meat, an opposing animal 
welfare group considered it “…wildlife massacre…” (Weaver 2010). Having eaten squirrel on 
several occasions cooked in different ways this author’s view concurs with that of the store 
owner. Some restaurants have taken its use a step further, such as at local Otterton Mill (East 
Devon), which has recently used squirrel for a range of dishes including kebabs, pâtés, and 
fricassee, serving it with leeks and wild mushrooms (This is Devon 2009). Having undergone 
something of a ‘revival’, squirrel is now even considered trendy haut cuisine in some circles. In 
2005, the restaurant Butlers Chop Wharf House (owned by Terence Conran) is recorded as 
serving roast and braised grey squirrel with redcurrant jus and garlic mash, where it was 
considered by the writer as being “…the absolute dernier cri in fashionable eating this 
spring…” (Coren 2005). More recent references to the restaurant mention them cooking grey 
squirrel by braising the legs, wrapping the loin in bacon, and with the kidneys, liver, and belly 
meat in a puff-pastry case, while the fur goes to be made into gloves and hats. The verdict on 
the squirrel was “…Scented with garlic, it was fork-tender, no more gamy (sic) than a guinea 
hen and quite delicious in its juniper-flavored (sic) gravy…” (Apple Jr. 2005). 
 
Africa: 
Food preferences and taboos vary between African cultures, and what is considered acceptable 
to one group may be strictly forbidden to another. For example, many people, including some 
African tribes, would baulk at the idea of eating meat from other primates like gorilla and 
chimpanzee. Yet other tribal communities, including the Baka, Fang, or Dayak, have no such 
problems with eating them, especially as it provides a useful source of protein. In some 
instances it is thought to have special significance, and believed to confer certain of the ape’s 
characteristics on the consumer, such as strength or cunning (Redmond 1996, 359). There are 
also tribes who eat one ape species but not another, and the same differences apply to other non-
primate species, with the rules that dictate which are acceptable for consumption often varying 
according to current fashion and public opinion (Redmond 1996, 360), though presumably there 
are also long-standing cultural rules defining this. 
 Exploiting otters is another example of the varying attitudes of different African 
societies. In Cameroon and Congo, otter such as Congo Clawless otter (Aonyx congicus) is a 
common bushmeat, while in Gabon it has a reputation for being a dangerous animal because it 
is thought that catching it with a spear can give electric shocks. Other people think that the 
smell of otter can linger, so do not eat it for that reason (Wildlife Extra News 2008). 
 Factors such as traditional taboos, formal religious dicta, and animals considered to be 
totem or clan animals will affect which animals are killed or eaten by a particular group. The 
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Pedi and Fulani (Mali) do not eat rodents, though many people do (Table 4.6), while eating rats 
and mice, hares, scavengers and pigs is avoided by Muslims. Other taboos affect specific age 
groups or sexes, or only avoided temporarily. For example, pregnant Evodoula (Cameroon) 
women do not eat palm squirrels, while those in Senegal avoid bush rats (Masseyeff et al. 1958, 
de Garine 1962, cited by de Vos 1977); it is interesting to note that rodents are most likely to be 
avoided in such circumstances. 
 
Table 4.6: Indication of the kinds of rodents consumed in Africa (de Vos 1977, Table 5). 
Common Name Scientific name 
Area of 
consumption 
Frequency of 
consumption 
Squirrel, palm 
squirrel 
Xerus, Protoxerus, Epixerus, 
Paraxerus spp., Heliosciurus, 
Funisciurus, Atlantoxerus getulus 
East Africa 
South Africa 
West Africa 
South Morocco 
Fairly common 
Rat, mouse 
Oenomys, Rattus, Cricetomys, 
Rhabdomys, Arvicanthis, Steatomys, 
Jaculus, Gerbillus spp. 
Africa Very common 
Porcupines Hystrix, Atherurus spp. Tropical Africa Fairly common 
Grasscutter 
(Cane rats) 
(smoked) 
Thryonomys (Choeromys) spp. 
West Africa 
South Africa 
Very common 
 
 More permanent taboos may result in foods only being permitted to men and boys, such 
as in South Africa, where 32% of the wild mammal species eaten could only be eaten by Pedi 
males (Table 4.7). So of 37 wild animal food species, 12 were forbidden to women (Quinn 
1959) who had no prey only exclusive to them, while in (former) Rhodesia only adults may eat 
fat mouse (Steatomys pratensis) and it is forbidden to children (Gelfand 1971, cited by de Vos 
1977). 
 
Table 4.7: Small mammal food restrictions of the Pedi tribe of Sekukuniland (Quinn 1959, 
cited by de Vos 1977. Table after de Vos 1977, Table 7). 
Common name Scientific name Eaten by 
Red hare Pronolagus randensis Entire family 
Vervet monkey Cercopithecus aethiops Men and boys only 
Cane-rat 
Thryonomys 
swinderianus 
Men and boys only 
Galago Galago senegalensis Entire family 
Cape hare Lepus capensis Entire family 
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Southern bush hare Lepus saxatilis Entire family 
Suricate (Meerkat) Suricata suricatta Men and boys only 
Polecat Ictonyx galeata Entire family 
African porcupine Hystrix galeata Men and boys only 
Rock dassie (hyrax) Procavia capensis Entire family 
Wildcat Felis libyca Men and boys only 
Hedgehog Erinaceus frontalis Entire family 
Yellow-footed squirrel Paraxerus cepapi Men and boys only 
Springhare  Pedetes capensis Entire family 
 
 Not all tribes have the same taboos. The Hadza, for example, have no strict food taboos, 
although they generally avoid eating snake and fish, and the only reptile eaten is k’oloko or 
leopard tortoise (Geochelone pardalis). Some men avoid eating tortoise as they believe it will 
ruin their arrow poison, though ethnographers have observed other men eating them, so tortoise 
is usually only cooked and eaten by women, children, and younger boys. Women and children 
are also the only ones to eat n/alaka or giant land snail (Achatinidae Burtoa nilotica) (Marlowe 
2010). 
 
North America: 
The Hopi of North America eat rabbits and rodents such as prairie dogs, but eating snakes, frogs 
and turtles is considered taboo; indeed the latter two taxa are even protected from being 
molested and teased as they are thought to be spirits (Bahti 1985, 11-12). Based on the 
archaeological evidence, most mainland Native American tribes seem to have had a cultural 
preference not to eat grey fox on a regular basis, with these animals afforded special mortuary 
treatment in other areas (Collins 1991b, 214). The early Huron are said to have eaten mice, but 
there is a suggestion that these were actually short-tailed vole (Microtus pennsylvanicus) based 
on the description (Waugh 1916, 135). 
 The Iroquois diet included a diverse selection of animal foods, including most small 
mammals, reptiles (turtle, snakes, including rattlesnake), birds, insects, molluscs, crustaceans, 
fish, crayfish, and amphibians. Larger amphibians such as bullfrog (Rana catesbiana) and 
leopard frog (Rana pipiens) were preferred; the legs would be skinned, broiled over a fire on 
pointed sticks, and then salted before being eaten (Waugh 1916, 135). However, the Iroquois 
also had rules about which foods would bring bad luck or illness if eaten. It was considered bad 
luck to kill for food any animal that inhabited a graveyard, as it was thought to contain ancestral 
spirits. Any pregnant animal was also avoided, as it was thought to be ‘no good’ and would 
cause diarrhoea. Food such as meat was also believed to become poisonous or spoil if handled 
by a woman during menstruation, so she was not allowed to touch any meat intended for 
preservation or for general household purposes (Waugh 1916, 131). Food was not eaten if mice 
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or skink (Eumeces quinquelineatus) had run over it, as it was thought to cause tooth decay and 
vomiting blood; this was said to be a frequent cause of child mortality (Waugh 1916, 133). 
 There are also cultural dictates linked to hunting animals and eating the resultant prey, 
as demonstrated by from this quote from Ramon and Elliot (2000, 483-485, cited by Cultural 
Systems Research, Inc.) about the North American Serrano: 
 “…Small game animals like rabbits were an important part of the Serrano diet, 
but there were rules about hunting them. For example, neither young hunters nor 
their parents could eat such animals: Ramon tells of her young brother's hunting:  
          Long ago I had an older brother...my father taught him how to hunt. And he 
would always hunt. He would always hunt jackrabbits. When I was still small I 
would go around with my older brother. He had a lot of guns. My father bought 
them for him. He had different kinds of guns. We had them. We would walk about 
outside. We would hunt. But I never shot any rabbits. But he (my brother) would 
kill all kinds of jackrabbits and cottontails. When he would kill one... then we'd go 
home and....But my family, my mother and father, would not eat the game that my 
older brother had killed, those rabbits. Long ago that was what the Indians did. My 
older brother was still young (under age). They did not eat the game he killed. I 
would eat it by myself. And so we would kill one. Then I would eat it by myself. No 
one else would eat it. He himself would not eat the game he killed either. He was 
not old enough to eat his own game, they said. It was the same with my father and 
mother. They would not eat-it. They did not eat the game killed by boys. But I ... he 
would give it to me. I ate it by myself. That's what they used to do long ago. And I 
learned to hunt a little by following him around. You could get used to it and then 
you could always shoot things, and kill whatever you want. It was not right for a 
woman. That's what some people said. But some women can shoot anything. They 
don't care. They get used to it. They can do anything. They could kill anything. 
They don't care, they say. I wasn't interested. I didn't know how. At the time I too 
was just a little girl. And that's how it was long ago, as I said. My older brother 
was a hunter like my father. He taught him how to hunt all the time. He died when 
he was still young. He passed away (when he was 15). That's all…” (Ramon and 
Elliot 2000, 483-485). 
 
 Pregnant Acoma women do not eat rabbit, as it is thought that eating the thin skin on the 
rabbit’s abdomen will make her child’s belly over-large. Married and unmarried women both 
avoid eating the remains of lunch taken by a hunter to the sacred rabbit hunts, or they will have 
twins (Parsons 1918, 176).  
 
South America: 
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Guinea pig (Cavia porcellus) is considered a good food in South America (Gade 1967, 213), 
whereas many people in the West would have qualms about eating an animal that is culturally 
perceived as a ‘pet’ rather than a viable food source. Guinea pigs were the first rodents to be 
domesticated from at least 2500 B.C., and have been eaten by Peruvians for centuries (Lanning 
1967, cited by Fiedler 1990, 149). They were seemingly the main meat consumed during the 
15
th
 century A.D. Incaic Empire (Fiedler 1990). 
 Some indication of its desirability as meat may be shown by its domestication, though 
its use for healing, rituals, and companionship, are also motives. In the Andes, guinea pigs are 
often kept within the house (Figure 4.6). This keeps them safe from predators such as foxes, 
opossums and weasels, and also renders them readily accessible when needed as food (Morales 
1994). 
 
    
 
Australia: 
Various food taboos or laws are recorded for Australian aborigines. For example, Aborigines 
from the Eastern Western Desert had strict rules about eating kangaroo, with only old men 
permitted to eat the innards and tail of the animal, while children are not allowed either of those 
(Hamilton 1980, 10). For the aborigines from Port Lincoln (south Australia) the rules dictated 
that male animals should only be eaten by adult men, while women could only eat female 
animals, and children only young animals; though common kangaroo-rat was the exception and 
could be eaten ‘promiscuously’ by everyone (Schűrmann 1879, 220). Young women and young 
men were prohibited from eating the two bandicoot species (‘kurkulla’ and ‘yartiri’) and the 
Figure 4.6: Guinea pigs 
living loose in the house of 
a family in the Andes. This 
protects them from 
predators and enables 
easy access to them when 
required as food (Morales 
1994, Illustration 2). 
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‘yurridni’ species of wallaby. If eaten they would cause ‘premature menses’ in the former, and 
‘discolour the beards, giving them a brown tinge instead of a shining black’ in the latter. These 
last food laws were apparently upheld strongly, though the previous ones were often ignored. 
Instead “…Guanas and lizards are proper food for girls, as accelerating maturity, and snakes 
for women, promoting fecundity…” (Schűrmann 1879, 220).  
 
4.6.2 Carnivores 
As with rodents, attitudes towards consuming carnivores varies culturally, and while some 
species like dogs or cats are eaten in many areas of the world, in other parts, such as much of 
Europe, eating those species is considered taboo. However, there is evidence for temporal 
variation in such attitudes. 
 
Europe: 
Most people in Western Europe today would rarely, if ever, view carnivores as a potential food 
source (Charles 1997, 255), and would certainly baulk at the prospect of eating species like cat, 
dog, and mustelids such as weasel or otter, but in other areas of the world these are usual dietary 
fare and consumed regularly. There are, of course odd exceptions, such as scavenging of road-
kill badger carcases for consumption, as mentioned previously. 
 Despite our current revulsion at the thought of eating dog, this was not always the case. 
In Europe, dog-eating was thought to have been widespread during the Neolithic and Bronze 
Age (Bökönyi 1974, cited by Serpell 1995, 248), 
 
South America: 
The indigenous Mayangna and Miskito people in Nicaragua hunt wild cats like puma (Puma 
concolor), besides a range of other species, but these are seemingly not consumed by everyone 
(Koster 2008, 936).  
 
4.7 Discussion and conclusion 
The saying ‘one man’s meat is another man’s poison’ certainly holds true for small mammals, 
with much variation in which species people will eat, and which are considered taboo. In some 
instances this will reflect the possibility that eating such animals could be hazardous to physical 
health and/or a spiritual threat. The animals that seem most commonly avoided are rodents and 
carnivores, though there are temporal and regional variations. Much of this relates to the taste of 
the meat or cultural attitudes and beliefs, but for carnivores like dogs factors such as their 
transition to become useful commensals, whether as working, symbiotic ‘partners’ or pets, may 
well have some bearing on the tendency for humans to eat them. 
4: Exploitation of small mammals for dietary products 
312 | P a g e  
 Besides acting as a valuable source of food, small mammals also provide other useful 
resources, such as fur, teeth and bones, which could be utilised for a range of material culture 
objects, and put to a diverse range of uses. The following chapter looks beyond merely using 
small animals for food and examines other items that could be potentially used, providing 
examples of uses to which these resources could be put. 
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CHAPTER 5 
 
EXPLOITATION OF SMALL MAMMALS FOR FUR, 
BONE, AND OTHER NON-DIETARY PRODUCTS. 
 
Besides exploiting smaller mammals for food, prehistoric peoples would have sought these 
species for other resources they provided, such as pelts, fur, teeth, and bones, with the 
requirement for such materials no doubt altering spatially and temporally. These species are less 
often considered due to their small size, in comparison to large mammals, but they would have 
provided a significant, rich source of raw materials that could be used to create cultural artefacts 
or for fuel. Utilising any fur-bearing species as food would inevitably have produced such 
‘additional’ materials as a matter of course, but merely viewing these as incidental by-products 
ignores the possibility that these resources could have been the main, or only, reason for hunting 
some small species. One only has to consider the modern use of moleskin for its velvety fur and 
the flourishing 19
th
 century trade in bowler hats.  
 This chapter examines the archaeological evidence for exploitation of such materials. It 
considers the potential benefits gained from using items like teeth, bone, furs, and/or skins from 
smaller species as opposed to those from larger terrestrial or aquatic mammals. Because of the 
problems associated with the preservation and poor survival rate of such artefacts in 
archaeological contexts and their consequent ephemeral nature, ethnographic and ethnohistoric 
examples of such utilisation are also examined to indicate potential past use of such resources.  
 
5.1 Exploitation of soft materials: fur and skins 
The first materials for consideration are soft items, such as furs and skins. The acquisition of 
such items may have involved hunting and/or scavenging, constrained by factors such as species 
availability, hunting ability, technology, and techniques. Hunting mammals from the 
environment in which they lived would have provided hominins with clothing material 
appropriate to it, though some fur-bearing species may have been preferentially caught during 
specific seasons due to the desire for different fur characteristics, resulting in variable seasonal 
exploitation of particular species. Lower winter temperatures invariably result in thicker coats in 
animals, making this an optimal time for exploitation when warm clothing was required, while 
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changes in fur colour at certain times of the year may have been a further contributory factor in 
determining when animals were sought for their pelts. 
 
5.1.1 The microscopic and macroscopic structure of fur 
Some suggestion of the potential qualities of fur or hair can be determined from examining their 
biological composition, with regard to both micro- and macroscopic structure. Animal fur varies 
microscopically between species, with each having variation in the shape, size and structure of 
the individual hairs. The hairs that make up an animals’ fur consist of three main sections: 
external cuticular scales, internal medulla, and an intermediate cortex layer containing pigment 
granules (Figure 5.1) (Teerink 1991) that determine the colour of the fur. The characteristics of 
these sections vary within different species (Figure 5.2), causing variations in fur attributes. 
 
 
Figure 5.1: Cross-section of a hair, schematically represented (Teerink 1991, Fig.2). 
 
                               
a) 
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Figure 5.2: Cross-sections (a) and scale patterns (b) of hair from different animal species 
(Teerink 1991, Figs.5-22;38-50). 
 
 Microscopic examination of animal fur shows that the individual hairs vary in shape, 
size, (Figure 5.3) and structure between species, which affects its properties. For example, the 
microscopic structure of reindeer fur hair is like ‘bubble-wrap’ (Teerink 1991, 39) and so traps 
air, which explains why it retains warmth. This difference in composition results in the fur of 
different animals having diverse properties, which variously make the pelt warmer, softer, wind-
b) 
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resistant, or waterproof to greater or lesser extent. Different fur characteristics provide disparate 
physical properties, which in turn will influence the uses to which they are put. 
 
                                            
                                               
 
Figure 5.3: Medulla composition of hair from different animals, showing variation in medulla 
width (1), structure (II) and form (III) (Teerink 1991, Figs.5-22;38-50). 
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 Macroscopically, fur comprises a mix of woolly underfur and longer guard hairs, but 
not all animals’ hair or fur is the same length, shape, size, or density, and there is inter- and 
intra-species variation (Figures 5.4), even within animals living in the same area (Figure 5.5).  
 
 
                 
Figure 5.4: Graph showing the relative diameters of guard and underfur hairs in various fur-
bearing species (Fish et al. 2002, Fig.3). 
 
 There is also variation in fur density and morphology on different areas of an individual 
animal’s body, with fur technically only considered “dense” when it exceeds 1000 hairs per 
square centimetre. Fur thickness in red squirrels depends not only on density but also on relative 
lengths of both the underfur and guard hairs. The underfur averages about eight per cent longer 
in the dark phase than in the red phase (Voipio and Hissa 1970, 186). As with red squirrel, most 
animals from cold and temperate climates exhibit some degree of seasonal dimorphism, which 
is seasonal variation in thickness, length, and sometimes colour, with the fur becoming heavier 
in winter (Schmidt-Nielsen 1990, 257). In species like arctic fox (Alopex lagopus) these changes 
are marked, with the animal changing between a cream-white coat in winter to a grey-brown 
coat in summer. Such changes are demarcated by a period of moult, which generally occurs 
Species 
Hair 
diameter 
(mm) 
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once or twice a year; usually in spring and autumn (Vaughan et al. 2000, 14). The summer coat 
is generally comprised of shorter hairs and has less insulating ability than the thicker winter 
pelage (the coat of hair) that has longer hairs (Vaughan et al. 2000, 369). 
 
 
Figure 5.5: Graph showing the relative lengths of guard and underfur hair lengths in various 
Canadian fur-bearing species (Fish et al. 2002, Fig.2). 
 
5.1.2 Physical qualities 
5.1.2.1 Size 
Obtaining pelts from larger mammals, such as reindeer and horse, would have provided bigger 
pieces of material with which to work, but fur from different animal species has different 
qualities. Consequently, some smaller mammal species may have been preferentially sought for 
the physical or visual qualities of their fur, despite producing pelts of significantly smaller size. 
Some indication of the wide range of species potentially exploited and the type of garments 
manufactured may be seen from examining ethnographic, ethnohistoric, or modern examples. 
These show that not only were garments constructed from a variety of different species, in some 
Hair length 
(mm) 
Species 
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instances a number of the same animals were used together to make a larger item. One such 
example is a cape made of wildcat furs (Figure 5.6), which belonged to a Native American 
Californian Yahi, named ‘Ishi’ by his white contemporaries, who lived at the turn of the 
19
th
/20
th
 century (Heizer and Kroeber 1979). 
 
 
Figure 5.6: Cape made by ‘Ishi’, a Yahi Indian, out of raccoon and bobcat skins (Kroeber 2004, 
Plate 24, Photo: Lucy Skjelstad). 
 
 An indication of how furs were utilised and adapted for clothing or bedding may be 
ascertained from ethnographic and ethnohistoric sources. While skins of small mammals could 
be used whole, or nearly whole, either as case-skinned pelts or flattened pelts and used 
individually or joined together where necessary, there is evidence that other forms of processing 
could be employed. For example, there is extensive literature on the different methods of 
tanning skins (see for example Reed 1972) that may be used on large and/or small mammal 
pelts. Another example is seen in the account of Ishi, the last Yahi Indian, where rabbit skins 
would be carefully cut into long, continuous strips and then dried, before being sewn together to 
make warm cloaks (Figure 5.7)(Kroeber 2004, Plate 23). 
 The quantity of small mammal skins needed to make different garments has been 
investigated, and shows the surprising number of animals that would have been needed for each 
item (Table 5.1). 
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Figure 5.7: Rabbit skin cut to make a continuous strip before being dried. Items such as cloaks 
were made from sewing these strips together (Kroeber 2004, Plate 23). 
 
Table 5.1: The number of small animal skins needed to make certain items, with rabbits 
taken to measure 35-45 cm long (Harris 2007, 128, cited in Harris, 2011, 61, Table 1). 
Item to make 
Species and number 
of skins required 
Source 
Full length coat 40-50 rabbit skins 
(Kellogg 1984, 142) 
Jacket 16-24 rabbit skins 
Blanket, 150 x 120 cm 25 rabbit skins 
Gloves or footwear 2-4 rabbit skins 
Cloak, 230 x 170 cm 81 possum skins 
(Mulvaney and Kamminga 
1999, 90-91) 
 
5.1.2.2 Texture 
Softness: 
An important factor in pelt selection may have been fur softness, which would have necessitated 
hunting very young animals such as seal pups. Eskimos tended to use young animals for making 
clothing for babies and young children. Examination of modern accounts of using small 
mammals’ pelts and fur to make clothes are well documented. Among the species used are 
rabbit, with white skins used to make babies parkas (Figure 5.8)(Harcharek 2005, 29). 
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 A more unusual use of rabbit skins, perhaps related to its softness, was to make toys. 
Ethnographic evidence for this records that rabbit skins would be stuffed with grass to make 
children’s dolls, with rags and unfired clay also sometimes used (Hudson and Blackburn n.d., 
cited by Lee 1980, 264). 
 
Coarseness: 
While soft fur may seem to be the ideal choice, certain species or categories of animal may have 
been targeted for other fur attributes and qualities, such as its coarser texture. For example, 
using more textured fur with greater coarseness for boots can improve grip in icy conditions 
(Harcharek 2005). 
 
5.1.2.3 Warmth and insulation 
Others qualities likely to have influenced the choice of fur used would have been physical 
factors such as the level of insulation and warmth provided, or the degree of wind- and/or 
waterproofing. Clothing requirements would have varied according to season or purpose, 
resulting in a need for garments made from thicker or thinner fur accordingly. For people living 
in cold environments the insulative qualities of fur provide some indication of why particular 
species were sought. The insulative value of fur increases with thickness, with this thickness 
Figure 5.8: Modern Eskimo baby 
wearing a parka made from rabbit 
fur (Harcharek 2005, Fig.1). The 
materials chosen would have 
been selected for qualities such 
as softness and warmth, as well 
as colour. 
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varying between animals (Figure 5:9), reaching a maximum in animals like white arctic fox that 
have extremely warm, thick fur (Schmidt-Nielsen 1990, 257).  
 Another consideration is that fur or pelts that are warm on dry land may not necessarily 
be equally warm in water or when wet, and vice versa. Fur loses much of its insulative value 
when wet or immersed in water, because water has higher thermal conductivity than air and 
compresses the fur reducing its thickness. In most aquatic mammals a thick subcutaneous layer 
of fat (blubber) also provides insulation, rather than just the fur. Consequently, seal fur gives 
less insulation in air than other mammals, though when wet it still retains most of its insulative 
value (Vaughan et al. 2000, 369-370). In animals living in the arctic, increased insulation is the 
result of the skin’s qualities, fur or blubber (Barnett 1959, 39). 
 
 
Figure 5.9: The insulating values of different mammalian fur. The open circles and dotted lines 
show how insulation is reduced when the fur is wet. Seal insulation only reduces slightly when 
wet, while the insulation value in beaver fur drops from 7 to below 1 (Vaughan et al. 2000, 
Fig.21-25). 
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 Interestingly, the insulating properties of mammalian skin and hair are seemingly 
unaffected by its colour (Barnett 1959, 41). Fur thickness also differs through of the year. For 
example, caribou fur is often 4-5cm thick in summer, while its winter pelage can be 15cm thick 
(Vaughan et al. 2000, 369). The greatest seasonal change in insulation of pelts has been 
observed to occur in large mammals, while various physical constraints restrict such changes in 
small mammals unless their body mass is significantly increased, allowing them to have bigger 
pelts. Such changes are seen in collared lemmings, which are significantly larger and have 
greater insulation in winter, along with an increased metabolic rate (Jofré and Caviedes-Vidal 
2003, 145). Changes in the relative thickness of pelts would have been reflected in seasonal 
choice of materials for clothing or blankets for prehistoric populations. 
 
5.1.2.4 Qualities of fur from small species 
Rabbit fur is soft compared to other small mammal species, such as cat or rat (Figure 5.10), but 
is rarely used in modern clothing as the hairs tend to be shed from the skin quickly. There was 
also probably little colour variation in prehistoric times (Clutton-Brock 1999, 182) when 
compared to modern domestic varieties that have been selectively bred for certain colour and 
coat characteristics. 
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Figure 5.10: Close-up view s of rabbit fur (top), cat fur (centre), and rat hair (below), showing the 
difference in colour and texture between species (Mayang Murni Adnin 2001-2010). 
 
Arctic fox (Alopex lagopus) pelage is seasonally dimorphic, with winter fur lengths almost 
double that of summer fur in order to allow for the severe cold of arctic winters, with fur lengths 
at a peak between December and February. An important factor for prehistoric populations 
exploiting arctic fox for their fur is that the animal’s fur growth parallels annual variations in 
ambient temperature and photoperiod. This is true for all seasons, with greater seasonal 
variation on the body areas more protected during rest. In the living animal this is related to heat 
conservation and/or dissipation (Underwood and Reynolds 1980), but enables the animal to 
maintain its basal metabolic rate at a constant level down to –30°C (Vaughan et al. 2000, 369), 
though other authors have suggested that it can survive well below temperatures of –40°C 
(Prestrud 1991). 
 
Sea-otters (Enhydra lutris) have luxuriant dark brown fur that is the finest and densest of any 
animal. On an adult animal, there are an estimated 650,000 hairs per square inch, with a full-
grown adult pelt having a surface area of 15 square feet. Sea-otters do not have the insulating 
layer of blubber that other marine mammals (such as seal, walrus, and whale) do; instead they 
rely on their fur to keep warm, both from its natural oils and from the tiny air bubbles trapped in 
it that also provide buoyancy (Sea World). The fur has another benefit in that it is always 
‘prime’; unlike most species sea-otters do not undergo a seasonal moult where all the fur is 
replaced in a short seasonal period. Instead, the hair is replaced one at a time, like human hair, 
and this quality made it a target for commercial trapping (Busch 1987, 4). 
 
Sea mink (Neovison macrodon) were mustelids that lived around the rocky coasts of Canada 
and eastern North America. They were hunted to extinction (since c.1860) for their fur, which 
was thick and highly-prized, being larger but coarser than that of the American mink and was 
reddish in colour, though it seemingly had a distinctive odour (The International Union for 
Conservation of Nature and Natural Resources (IUCN) Red List of Endangered Species 2011). 
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Seals, in comparison, often moult during their breeding season (though this is not the case for 
all species), and at this time the skin has no practical value for humans. Seal fur is warm and 
protective, consisting of over-hair and wool, with numerous sebaceous glands that keep the fur 
constantly covered with oil, which provides waterproofing (Ammitzbøll et al. 1991, 120). 
Although warm, seal fur is relatively thin and comparable to that of the lemming, but the living 
animal is also protected by a thick blubber layer (60-70mm blubber insulates as well as 20mm 
of fur). Insulation is reduced when immersed in water, but not as significantly as in polar bears 
(Schmidt-Nielsen 1990, 257), which have thick, open coarse fur. But while the living animal is 
protected by a thick layer of subcutaneous blubber, the fur provides relatively poor insulation 
for its thickness and loses most of its insulative value when submerged in water, with heat 
transfer at least 20 times faster than in air (Schmidt-Nielsen 1990, 257).  
 
5.1.3 Visual qualities 
In addition to the tactile qualities of fur, visual factors, such as the colour or appearance of 
different fur may also have been important considerations in species selection of prey. For 
example, the actual colour of furs invariably relates to the animals’ need for camouflage in the 
wild, resulting in a range of different coloured pelts that were likely selected for their aesthetic 
qualities as well as their practical ones. Specific furs could have been chosen because they 
appealed to an individual, or the colours used could have been dictated by socio-cultural factors 
or linked to status within a group.  
 There are also issues of identity. Examination of ethnographic sources indicates that 
status-related clothing was often fabricated from materials from specific species. In the case of 
birds this often involved using specific coloured feathers, such as in New Zealand (Figure 5.11), 
and it is possible that this practice was also true for mammals. Research was carried out by  
Drewall and Mason (1998) into the metaphorical use of colour by the Yoruba. This showed that 
different colours had different meaning and applications within the tribe’s cosmology, in terms 
of the living, ancestral and spirit worlds. In addition, it reflected and reinforced social 
differences such as age, gender, and status. It is possible that there was a similar use of colour in 
early prehistoric society, with specific colour furs employed for different purposes or used by 
particular sections of the society.  
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 While fur use may have been selected for their aesthetic or symbolic qualities, others 
likely fulfilled a more utilitarian, practical role and selected because of factors like colour. In 
areas with periods of continuous snow-cover certain species, including arctic fox, weasels, and 
some hare species, have a pelage that is seasonally dimorphic, namely brown and thinner in 
summer, and white in colour and denser in winter (Vaughan et al. 2000, 14). The ermine is 
renowned for having a dark brown coat in summer and a white coat in winter. In recent times 
ermine was deliberately sought to adorn ceremonial robes, but for prehistoric hunter-gatherers 
such specific colours could also have been desirable for camouflage when hunting, status-
related, or just aesthetically pleasing. Consequently, small mammals may have been specifically 
targeted for their fur in preference to that from larger species, despite the size discrepancy, 
because of its inherent visual or physical qualities.  
 Recent advances in DNA studies are particularly valuable to archaeology, as it is now 
possible to establish some factors with aDNA, such as colour, in horses and other species (see 
for example Cieslak et al 2011). While this is currently limited to this species, it clearly 
indicates the future potential of repeating this for more species. 
 
5.1.4 Methods for identifying exploitation archaeologically 
A major problem when considering exploitation of fur-bearing animals is actually identifying 
when the practice has occurred within the archaeological record. Animals hunted exclusively for 
their pelts would of course have been skinned. But while the process may leave distinctive 
marks on bones, if done carefully it unfortunately can be performed leaving no visible trace on 
them. Furthermore, most animals sought for their meat could also have undergone the same 
skinning process prior to cooking and/or consumption, whether the skins were then utilised or 
not. Consequently, examination of surviving osteological material may show cut-marks that 
Figure 5.11: Chief’s cloak 
from New Zealand, made 
in the 19th century from 
kakapo, pigeon and 
peacock feathers 
(McGovern-Wilson 2005, 
Fig.4). 
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result from skinning the animal, but this in itself does not necessarily guarantee subsequent use 
of the fur as it could have been skinned prior to being cooked and/or eaten. 
 
5.1.4.1 Documentary evidence 
In some areas there is documentary evidence recording the use of smaller mammal skins. For 
example, Assyrian and Babylonian sources describe Mesopotamian leather practices up to 
c.1500 BC, mentioning the use of rabbit, dog and cat, besides a range of larger species like 
donkey, shark, panther, wolf, tiger, and elephant (Reed 1972, 87-88). The pelts were seemingly 
prepared using liquors that contained ‘fermenting systems’ of wine, beer, grape juice, flour, 
milk and salt. The skins were then beaten with sticks, stretched and pulled to shape by hand, and 
attached to wooden frames to be stretched and dried. A variety of tanning methods were then 
used; alum was used for tawing, and combined with oils, fats and myrrh for oil tanning, or used 
with vegetable tannins such as pomegranate rind, sunt pods, sumac berries, oak galls and 
cypress leaves. The different skins had a variety of uses including musical instruments, 
parchment, containers, shoes, harness and saddles (Reed 1972, 88). Although later, a summary 
of Greek and Roman leather practices between the 6
th
 century BC and c.AD 400, for a range of 
countries including Britain, mentions the use of beaver and otter (Reed 1972, 90). 
 
5.1.4.2 Recovery of actual fur, skins or leather 
There are several signs that can indicate or imply exploitation of an animal for its fur. First is 
the actual recovery of fur, leather or skins from the archaeological record. Unfortunately the 
vagaries of preservation mean that this is a rare occurrence, except under extreme conditions, 
such as extreme cold, waterlogged, or arid conditions, but such examples exist. In central east 
Jutland a tunic made from marten skin was found, which was radiocarbon dated to the 
Møglemose and assumed to have belonged to an adolescent (Bender Jørgensen 2003, 65). Even 
more spectacular was the discovery of well-preserved furs on dressed human mummies at 
Qilakitsoq (Greenland), providing a rare opportunity to determine how furs were used by them, 
and from which species. Although dating to the historic period (15
th
 century) (Hart Hansen et al. 
1991) it is possible that similar practices occurred in prehistory; perhaps there was even some 
continuity in the choice of furs and utilisation methods. 
 Some indication of how fur could have been used can be seen from studying items 
recovered from North America, with good preservation of organic materials often found in 
extremely dry sites such as rock-shelters and caves. For example, excavation under a basket at 
Butte Creek Cave (Oregon) uncovered the skeletal remains of a young male (Stewart 1950, 385) 
who had been buried with a cape or small blanket positioned over his left shoulder (Figure 
5.12). Examination of the human’s remains under the blanket revealed that a chert projectile 
point had pierced the inferior part of the left scapula, causing the bone to splinter, and that the 
wound did not heal. Further excavation also showed that the blanket also covered a dog, which 
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had been buried alongside the individual to the left of his pelvis, and at some stage a fire in the 
cave had burned part of the dog’s skeleton (Cressman et al. 1950, 373-374). 
 
                   
Figure 5.12: Burial of the human from Butte Creek Cave (Oregon), with a skin cape or small 
blanket placed covering his left shoulder (Cressman et al. 1950, Fig.4). 
 
 More detailed examination revealed that the small blanket was actually two items, and 
consisted of a blanket made from twined rabbit skin strips, along with another ‘piece of 
costume’ made from wolverine fur with the tip of a coyote tail attached to it (Figure 5.13). In 
addition, a ‘feather wrapped three-strand cord was pressed into the mass of blanket and fur’; this 
feather border was thought to be decorative (Cressman et al. 1950, 373-374). Aside from its 
physical and visual qualities, the inclusion of such an item within a burial context inevitably 
raises questions about the reasons for its deposition, as with all grave inclusions. It is possible 
that the items had some socio-cultural value, maybe reflecting the status or the individual’s 
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position among his society. The item could have reflected his wealth or power, or maybe was a 
favourite possession, or a gift from a loved one. 
 
                     
   
 
 From further investigation of the blanket it was possible to determine the structure of 
the item and establish how it was made (Figure 5.14): 
“…The warp consists of two-strand strips of rabbit skin each strand of which is 
twisted clockwise and then both strands are twisted together in the same direction. 
Each warp without the hair is about 4 mm. in diameter. The weft is of deer or 
antelope skin and the pitch of the twining is down to the right. Each of the 
Figure 5.13: Above: A cape or small 
blanket found partly covering a burial 
at Butte Creek Cave (Oregon), made 
from a mixture of wolverine fur, rabbit 
skin, coyote tail tip, and feather-
wrapped string, 
 
Below: The blanket made from twined 
rabbit skin strips (Cressman et al. 
1950, Figs.7 and 10). 
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component weft elements is about 5 mm. wide. The hair was probably removed 
before twining. The distance between weft rows is 36 mm. Each weft element seems 
to be a separate piece. that is it is not continuous running back and forth, but 
because of the fragmentary nature of the piece we cannot be certain. A small string 
tied with a plain overhand knot occurs in each loop of the weft at its starting point 
outside the first warp element on the left (fig. 8a). The function of the knot is not 
known but perhaps it served to tie some supporting string while the twining was 
being done. It also might have been used to bind the feather wrapped string as a 
border…” (Cressman et al. 1950, 375). 
 
 
Figure 5.14: Diagram showing the structure of the rabbit skin blanket (top) and enlarged view of 
the selvedge (bottom) (Cressman et al. 1950, Fig.8). 
 
 Other, more unusual, remains include a 13.5 cm length of well-worn Z-spun, Z-twist, 
rabbit fur cordage (Figure 5.15), from the South Fork Shelter site (Nevada). Two lengths of cord 
were present, each made from two strands of matted, felted, rabbit hide, which had been spun 
and twisted together with the fur outwards. The two lengths were joined by a square knot, which 
was seemingly atypical of Great Basin peoples. Another suggestion was that it may have been 
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the warp for a rabbit skin cape or blanket, though no weft material was found with it (Spencer et 
al. 1987). 
 
Figure 5.15: Rabbit fur cordage from South Fork Shelter, made from twisted lengths of matted, 
felted rabbit fur tied together (Spencer et al. 1987, Fig.21). 
 
5.1.4.3 Skeletal evidence: Element presence and abundance 
The relative state of the remaining skeleton may be another possible indicator, though if it had 
been subjected to certain subsequent post-depositional processes these could affect the remains. 
One likely indicator is the relative abundance of skeletal elements. Exploitation of fur-bearing 
animals has been interpreted on certain archaeological sites when near-intact animal skeletons 
have been recovered, so are unlikely to have undergone butchery or cooking. For example, 
excavation of the Mesolithic site of Ringkloster (Denmark) revealed pine marten bones that had 
been discarded into a lake adjacent to the occupation site. Unlike most of the other animal bones 
they were often articulated, indicating they had been disposed of intact and un-butchered. This 
suggested that pine marten were not eaten, and implied that they were specifically hunted for 
their pelts (Rowley-Conwy 1994-95, 92).  
 Cornwall (1968, 117) mentions another more ephemeral suggestion of fur use, referring 
to Upper Palaeolithic burials at the Ligurian site of Arene Candide (Italy) and the presence of 
squirrel caudal (tail) bones. These he interpreted as part of whole furs originally worn by the 
individual, though others suggest that the tails alone may have been sewn onto clothing or 
coverings. Examination of photographs from the site show the squirrel bones often extended 
beyond the child’s skeletal remains as well as lying in close proximity to them (Figure 5.16), 
suggesting that both scenarios are possible. The site contained around 20 Late Epigravettian 
burials (11,000–9000 B.C.) amongst copious amounts of red ochre, with the red squirrel bones 
comprising the complete skeletal remains of their tails. These were specifically only associated 
with burials of sub-adult skeletons, including one of a child radiocarbon dated to 9610-9240 
cal.B.C. Faunal grave goods included elk antlers, shells, perforated deer teeth, and bird wing 
bones, notably corncrake (Crex crex) and chough (Pyrrochorax graculus), while other small 
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mammal remains included limb bones and mandibles of hedgehog (Erinaceus europaeus) and 
beaver (Castor sp.) (Formicola et al. 2005, 1600). 
 
 
         
Figure 5.16: Detail of a burial of an adult male and child at Arene Candide (Liguria, Italy), 
showing lines of vertebrae from red squirrel tails. These are close to the child’s skeleton (a) and 
so may be attached to clothing, or extending beyond it (b) and potentially decorating coverings 
(Photo: Goetgheluck ; SuperStock). 
 
5.1.4.4 Skeletal evidence: Skinning marks 
Another potential indicator is the presence of cut-marks, typical of skinning, on certain skeletal 
elements. This particularly occurs where underlying bone is superficial, such as the skull 
(Figure 5.17), the lower margins of the mandible, or on the shafts of the lower limb and foot 
bones (Binford 1981, 47).  
a) Lines of squirrel tail 
bones in close proximity to 
the child’s hand and arm. 
 
b) Squirrel bones adjacent 
to the child burial, but 
extending beyond the 
skeleton 
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Figure 5.17: Top: Pine marten skull with cut-marks on the frontal bone caused by flint knives 
during skinning. Bottom: Fox skull with similar cut-marks (Andersen 1994-95, Fig.38). 
 
 The skin of some animals may be pulled away from most of its body and peeled off 
relatively easily, particularly if done soon after the animal’s death, especially while still warm. 
But in areas of the body where the skin closely overlies bone, using cutting tools is necessary to 
separate the two. This is particularly true for the head and muzzle, and the lower leg and feet 
areas, where cutting produces ‘ringing’ when removing the fur; hence cut-marks are most 
noticeable at these points. However, the ease with which fur may be peeled off does vary 
between species, and the author’s experience has shown that while this is done easily with 
species such as European rabbit (Oryctolagus cuniculus), it cannot be removed as easily with 
those like grey squirrel (Sciurus carolinensis), which necessitates the pelt being cut away from 
the body rather than peeled. This factor may explain the squirrel tail bones at Arene Candide, as 
removing the bones originally could have significantly damaged the appearance of the pelt; 
though the intention may have been to use the whole skin or tail. Therefore, while some 
anatomical areas may be predisposed to being cut during skinning, the location and extent of 
skinning cut-marks may also be species-specific. Another factor altering the extent and location 
of cut-marks is the experience of the person doing the skinning, as demonstrated during 
actualistic experimentation (Lloveras, Lluis et al. 2009). 
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 Skinning large ungulates often leaves osteological evidence such as fine cuts on bones; 
these typically run transversely across proximal phalanges and distal metapodials. Such patterns 
seemingly occur less frequently on smaller mammals; this has been attributed to the increased 
care needed when removing the skins of smaller fur-bearing animals. However, the smaller size 
of these mammals also increases the proximity of the pelt to the underlying bone, which 
undoubtedly has an effect, with such marks are likely to result regardless of skinning method 
employed, whether the animal was case-skinned or open-skinned. Archaeological examples 
include cut-marks seen on the labial surfaces of mandibles from Brazilian Marsh Rat 
(Holochilus brasiliensis), recovered from a Late Holocene site in Patagonia (South America), 
though the direction and location of the cut-marks differed. On one mandible they occurred 
obliquely across the alveolar margin and ascending ramus, while on the other then ran vertically 
on the ascending ramus; both were attributed to pelt removal rather than mandible 
disarticulation by flesh removal (Fernández et al. 2011). Similarly cut-marks found on the skulls 
of wild cavies (Cavia aperea and Galea tixiensis) at sites at the Tandilia Range (Argentina), 
which dated to c.1,000 B.P. (Quintana 2005), showed that their pelts were useful despite their 
small size, while more recently in Europe a couple of hamster (Cricetus cricetus) bones from a 
11
th
 to 13
th
 century Hungarian site showed clear marks on the frontal bone that were also 
attributed to skinning (Figure 5.18) (Bartosiewicz 2003, 115). The same author also refers to 
other evidence of skinning hamsters at Hungarian sites (Bartosiewicz 1999, 328, cited in 
Bartosiewicz 2003, 116). 
 
       
Figure 5.18: Hamster 
neurocranium from an 
historic period Hungarian 
site, showing cut-marks 
attributed to skinning 
(Bartosiewicz 2003, 
Fig.14). 
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 The need for furs in good condition and as large as possible will also have influenced 
the hunting methods used. As shown in Chapter 3 there is both archaeological and ethnographic 
evidence for the use of blunt arrows when hunting fur-bearing species to prevent the pelt being 
pierced and contamination from punctured internal organs. This is particularly the case for 
skunk, where puncturing its scent glands is avoided (Choctaw Nation of Oklahoma 2012). 
 
5.1.4.5 Archaeological evidence for prehistoric fur exploitation 
Much research into fur exploitation of large and smaller mammals has been undertaken by 
Stiner and her associates. Other general overviews examine the exploitation of carnivores and 
other fur-bearing mammals during the north-western European Late Upper Palaeolithic and 
Mesolithic (Charles 1997). 
 
Smaller mammals: 
Palaeolithic: 
Evidence for Palaeolithic hunting of small mammals for their fur has been found at various sites 
including Grotte Colomb (Méaudre (Vercors, Alpes), where vast numbers of marmot (Marmota 
marmota) bones were recovered (Figure 5.19). The site, which was excavated by Hippolyte 
Müller between 1913 and 1921, was subsequently dated to 12480 +/-80 B.P. from reindeer 
bone. In excess of 4000 marmot bones were recovered from the cave, representing at least 451 
individuals, but with some bones lost between the original excavation and recent 
zooarchaeological examination the figure may have been higher (Tomé 2005b). The presence of 
a broken flint embedded in the scapula of one animal (see Chapter 3, Fig. 3.39) suggests 
marmots were deliberately hunted, while cut-marks (Figure 5.20) and a predominance of 
mandibles (21.9%), radius (16.3%) and tibia (16.9%), with a lack of vertebrae, thoracic bones 
and autopodia was interpreted as reflecting their exploitation for fur (Tomé 2005b). 
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Figure 5.19: Excavations at the Grotte Columb (France) site, where marmot bones from at least 
451 individual animals were found (Tomé 2005a, Fig.1). 
 
                         
 
Mesolithic: 
Excavation of the Mesolithic site of Ringkloster (Denmark) revealed an ‘unnatural’ abundance 
of pine marten bones, comprising the third most abundant species recovered. As with most 
bones on the site these had previously been discarded into a lake adjacent to the occupation site, 
 
Figure 5.20: Sites of cut-
marks and disarticulation 
marks on the skeletons of 
marmots (Tomé 2005b, 
Fig.3). 
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but unlike most other bones were often found articulated, indicating they had been disposed of 
intact and un-butchered. It suggests that the pine martenwere not eaten but specifically hunted 
for their pelts, leading to the site being interpreted as a specialized hunting camp (Rowley-
Conwy 1994-95, 92). Remains of other species with cut-marks on their skull include fox. 
 Examination of small mammal remains from 30 Danish Mesolithic sites by Aaris-
Sørensen and Andreasen (1992-3) indicate that their occupants often caught fur-bearing species 
such as red squirrel, (which was present on half of all sites), beaver (Castor fiber), pine marten 
(Martes martes), otter (Lutra lutra) and wildcat (Felis sylvestris). Some remains may have 
resulted from natural processes, but distinctive cut-marks were present on at least one squirrel 
mandible (from Vejkonge), suggesting deliberate utilisation. While such animals may also have 
been eaten, some may have been targeted for their pelts, including red squirrel given its long, 
silky coat, and mole (Talpa europaea) for its fine, velvety fur. Another species probably hunted 
for its fur, despite its small size, was water vole. Its fur comprises a short dense undercoat with a 
longer outer fur layer, enabling the animal to keep warm and dry (Aaris-Sørensen and 
Andreasen 1992-3, 33).  
 There is significant evidence of small mammal exploitation during the Danish Ertebølle 
and adjacent periods. Excavations at Krabbesholm recovered material from the Ertebølle (5400-
3950BC) to early Neolithic Funnel Beaker Cultures (3950-3300BC), which included a fair 
amount of smaller mammal remains, including Daubenton’s bat (Myotis daubentonii). Also 
present were a significant proportion of bones from fur-bearing species, such as squirrel and 
polecat (Figure 5.21). Pine marten and wolf were found at the site of Østenkær, while bones 
from fox, pine marten, otter and wildcat were found at the settlement of Yderhede, situated in 
northernmost Denmark, with dating suggesting it represents the oldest Ertebølle culture 
(Enghoff n.d.). A large bone sample recovered from the settlement of Lystrup Enge, comprised 
a diverse range of species, especially fur-bearing animals like squirrel, fox, pine marten, badger, 
otter, wildcat and lynx, along with an abundance of whale and dolphin bones and large 
terrestrial species. The settlement, which lies at the inner part of a shallow inlet opening into the 
Århus bay on the east coast of Jutland, is dated to the early Ertebølle culture (Enghoff n.d.).  
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Figure 5.21: a) Squirrel mandible and b) polecat mandible from Krabbesholm, comparing the 
recovered bones (lower examples) with those from modern species (Enghoff n.d.). 
 
 There was apparently specialisation at some Mesolithic sites, including Hjerk Nor, 
where wildcat (Felix sylvestris), pine marten (Martes martes) and lynx (Lynx lynx) were 
seemingly the prey of choice (Andersen 1995, 51). Large mammals predominated at others, like 
Ertebølle Humlebakke Syd on Dybsø (Denmark), but there were also remains of numerous 
smaller fur animals, namely beaver, squirrel (Sciurus vulgaris), badger, otter, pine martenand 
red fox (Vulpes vulpes)(Johannson 1995, 92). Evidence suggests that Ertebølle hunters 
specifically sought fur-bearing animals, such as fox, squirrel, pine marten, beaver, polecat, 
badger and lynx. It has been proposed that furs may have served as a currency and perhaps 
traded, especially on frontiers between hunter-gatherers and farmers where they would have 
been exchanged for resources such as grain, cattle or manufactured items (Zvelebil and Lillie 
2000). 
a) 
b) 
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Neolithic: 
Evidence suggests that fur use continued after the Mesolithic. A recent study into Neolithic and 
Bronze Age animals in southern Britain uncovered evidence for such utilisation of smaller 
mammals. Examples include wildcat (kitten), beaver, badger, red squirrel, pine marten, otter, 
and fox, with one fox from Stonehenge seemingly eaten. Excavation of the Coneybury Anomaly 
revealed an abundance of beaver and roe deer, suggestive of a possible specialist hunting site. 
These were apparently trapped for their skins, though cut-marks indicate they were also eaten 
(Serjeantson 2011, 47). Badger bones with cut-marks were found in Neolithic deposits at 
Silbury (Worley pers. comm.) and could have been utilised for its sizeable pelt and meat. 
 Elsewhere in Europe, Rütimeyer observed cut-marks in fox bones from Neolithic 
lakeside dwellings in Switzerland, suggesting that the species were exploited for fur, or even 
eaten (Davis 1987, 21). There is also evidence for Neolithic hunting camps where small 
mammals were especially exploited. Examples include Scandinavia (Strid 2000), Switzerland 
(Desse 1975, cited by Serjeantson 2011, 47), and the Netherlands. The sites of Swifterbant and 
Hazendonk produced a high frequency of otter and beaver remains, which were seemingly 
utilised for both fur and meat, as were polecat at Kolhorn, where small rodent bones were also 
abundant (Zeiler 1997, 108-109). 
 
5.1.5 Ethnographic and ethnohistoric evidence 
Unfortunately, there are no hunter-gatherer societies still extant in temperate Europe. 
Determination of how animals were potentially exploited for their fur by prehistoric populations 
is therefore reliant upon interpretation of archaeological remains or examination of ethnohistoric 
records and ethnographic examples from outside Europe to indicate how fur animals could have 
been utilised, though of course cultural and regional differences mean that one society’s 
practices may differ, or use to differ, significantly from those of another. 
 Several examples are now outlined and examined; firstly, the exploitation of animal furs 
by Eskimo in historic and modern times to examine such utilisation in cold climates. Secondly, 
examining utilisation of smaller mammal species pelts in North America, which variously 
ranged from cold to warmer climates, and thirdly, use in tropical and subtropical climates. 
 
5.1.5.1 Case Study 1: Ethnohistoric: Greenland mummies & Inuit 
Eskimo utilisation of caribou and marine mammals like sea-otter for fur, are all likely to have 
occurred in the past, as well as in modern times, as demonstrated by a group of preserved 
mummies recovered from Qilakitsoq (Greenland) (Figure 5.22). 
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Figure 5.22: A mummified Eskimo woman aged c.25 years, complete with furs (Ammitzbøll et al. 
1991, Fig.53). 
 
 The mummies provide evidence of former fur-bearing mammal exploitation, indicating 
both the species exploited and the construction methods for clothing and other items. The group, 
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which comprised fully-dressed women and children, dated to the 15
th
 century AD. Examination 
of their clothing indicated skins from caribou, sealskin (mainly bearded, harp, and ringed seals), 
and reindeer (Figure 5.23) and a variety of bird species, including eider and other ducks 
(Ammitzbøll et al. 1991, 120). 
 
 
 
 
Figure 5.23: Clothing from the 15
th
C mummies. 
(Ammitzbøll et al. 1991, Figs.119-121). 
 
Above: The front and back of a parka. 
Right top and bottom: Short sealskin trousers made 
from 10 pieces of fur. 
 
Below: Reindeer skin trousers. 
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 Ethnohistoric accounts of Polar Inuit from the 1940s record the use of fur from smaller 
mammals, such as the tails of blue foxes used for collars, with skin from polar bear and reindeer 
used for other parts of garments. Long-haired dog skin was also found on other remains at 
Pissiarfik (Ammitzbøll et al. 1991, 138), along with remains of birdskins, such as from eider, 
swans, geese, and seagulls (ibid. 1991, 118;127;143). Such clothing is little different from that 
worn today, as modern Eskimos continue to utilise animal pelts from reindeer, caribou, and seal. 
Hooded, harp and ringed seal furs are most commonly used for clothing, with the appearance of 
their fur differing between males and females (Ammitzbøll et al. 1991, 120). 
 
 
Figure 5.24: Skins from these seal types were most commonly used in clothing of Greenland 
mummies. Ringed seal is most important for Greenland Inuit (p.122) (Ammitzbøll et al. 1991, 
Fig.109). 
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 Though they are the smallest seal species (1.3 to 1.4m long) the ringed seal (Figure 
5.24) is the most important for Greenland Inuit (Ammitzbøll et al. 1991, 122). Three types of 
skin are used. Scientific analysis of the recovered skins using electrophoresis showed that the 
method of preparation was similar, if not identical, to that used today: 
 
1. Ordinary skin (with fur preserved), which is used or clothing 
Preparation: Skin flensed: skin and blubber removed by cutting then scraping with a blunt 
ulu (crescent bladed knife). The last traces of blubber are removed by soaking in soapy 
water (human urine used to be used) for 24 hours. Rinsed again, then stretched on a 
frame of pegged out on the ground. When ready to be used the flesh side is moistened, 
it is then folded to make it flexible, then rubbed and stretched till soft. 
2. Water skin (Fur removed) is virtually waterproof so used for summer clothing and kamiks 
(boots) (Ammitzbøll et al. 1991, 127). 
  Preparation: As above, but soaked in urine (detergent today) for 3-5 days. The hairs are then 
removed with a blunt knife; ashes or sand (scouring powder) provide a good grip. The 
hairs can also be removed by placing the pelt in a skin bag with blubber for 6 months. 
Skin is then scraped and rinsed (in seawater sometimes), then stretched to dry (softest if 
stretched in snow). 
3. White skin (with fur and epidermis removed) used for ornamental edging of clothes. 
  Preparation: Soaked in urine, then dipped in hot water, the hair and epidermis scraped or 
pulled off. The skin scraped with a blunt ulu. Soaked in frequently changed water, and 
then stretched out to dry. There are indications that the same process was used in the 
15th century, with the garments sewn with thread from sinews of caribou, dolphin, 
narwhal or seal (Ammitzbøll et al. 1991, 122-125). 
 
 Modern accounts of using small mammals’ pelts and fur to make clothes are well 
documented. Among the species mentioned are rabbit, ground squirrel that had been snared on 
the tundra during the spring, and wolverine (Harcharek 2005, 29), as well as the following: 
 
Rodents: 
Arctic ground squirrel (marmots): 
The fur of these have tended to be used for parkas, especially by Copper Inuit, while often 
discarded by the Inuvialuit because of their tendency to burrow into graves (Oakes and Riewe 
1996, 46). 
 
Muskrat:  
Inuits have regularly used muskrats for their skins, for making items such as boots. In recent 
times these were removed by case skinning, leaving the feet and tail on the carcase, but in the 
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past the skins were removed by either cutting along the ventral midline, or cutting between the 
belly and dorsal sections of the skin (Oakes and Riewe 1996, 46) 
 
Carnivores: 
Fox: 
Both Arctic fox and red fox were case-skinned, and the forelegs discarded. The Copper Inuit 
used fox skins to make boots, and tassels for footwear decoration (Oakes and Riewe 1996, 46). 
Evidence from the Channel Islands off California suggests that fox was deliberately imported 
for ritual purposes, but also harvested for its pelts. These were used to make a range of items 
from blankets, capes, and arrow-quivers, to Fox Dance headdresses used in their ceremonies 
(Collins 1991b). 
 
Wolf and wolverine: 
These species were flat-skinned, with the paws left attached. Wolf skins were hung outside to 
whiten and wolverine skins were stained red with ochre or black using ashes or galena. The 
skins were used to decorate kamiks, leg skins were used for boots, and men hung the paws from 
their parka belts as decoration (Oakes and Riewe 1996, 46-47).  
 
5.1.5.2 Case Study 2: Ethnohistoric and modern: North America 
The ethnohistoric records, and presence, of numerous different Native American tribes are 
invaluable sources for determining how smaller mammals may have been acquired and their 
resources utilised. For example, Sparkman (1908, 200-201) describes how in very cold weather 
the Luiseño Indians (part of the Shoshonean linguistic family in California) would wear a cape-
like garment that covered the body from the shoulders to the knees. These garments were often 
made of rabbit skins that had been cut into strips and woven with a ‘woof’ of twine, or from 
deerskins. The most highly prized capes were made from sea-otter skins, though these were 
rarer, except for maybe near the coast. They also used skin from fox, wildcat, or other animal to 
make quivers (Sparkman 1908, 206), and an account of a Hopi child burial describes how the 
deceased wore rabbit-skin moccasins, made with the fur turned inside rather than out (Senter 
and Hawley 1937, 132). Various North American native tribes hunted grey foxes for their pelts. 
These were made into items such as sewn and woven blankets and capes, and parts of costumes, 
while tribes such as the Kitanemuk, Hupa, Gabrielino, Chumash, southern California Luiseno, 
and Sierra Miwok used the pelts to make arrow-quivers (Collins 1991b, 215). The Santa Cruz 
Island Chumash seemingly "…preferred to wear a fox skin blanket as big as a bed quilt to other 
ones. It would take many skins, cut into strips three inches wide and sewn together, to make 
such a blanket…" (Hudson and Blackburn 1983, 385, cited by Collins 1991b, 215). 
 Modern furbearer trapping practices and ethnohistoric documentation of trapping in the 
arctic and alpine tundra, and boreal (subarctic) forest of the Yukon Territory (Canada) give an 
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indication of the kind of species exploited (Figure 5.25). These are predominantly carnivores 
(11 out of 14 species trapped), and include arctic fox (Alopex lagopus), coyote (Canis latrans), 
grey wolf (Canis lupus), red fox (Vulpes vulpes), lynx (Felis lynx), wolverine (Gulo gulo), river 
otter (Lutra canadensis), marten (Martes americana), fisher (Martes pennanti), short-tailed 
weasel (Mustela erminea) and mink (Mustela vison). Other trapped  species include rodents, 
namely beaver (Castor canadensis), muskrat (Ondatra zibethicus) and red squirrel 
(Tamiasciurus hudsonicus). These furs fulfilled a range of uses, including hats, clothing, and 
bedding. In addition, species like lynx, beaver and muskrat were also trapped as food (Prescott-
Allen and Prescott-Allen 1996, 51).  
 
 
Figure 5.25: Alberta 1890’s fur trader (Wikipedia 2005), surrounded by pelts from various large 
and small species, including beaver and fox.  
 
 While not all the same species are found in prehistoric Europe, the range exploited gives 
a possible indication of those that may also have been sought by prehistoric hunters and trappers 
for their fur, and in some instances, as food. It is interesting to note the number of smaller 
species that are exploited, suggesting that fur qualities or colour of individual species may take 
precedent over animal size. However, at times certain mammals, such as lynx, have been 
targeted in relation to their modern financial return and cultural kudos, so influenced by cultural 
demand. 
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5.1.5.3 Case Study 3: Fur use in tropical and subtropical climates 
Small mammal furs and skins also have their uses in warmer climates. In Cameroon otter fur is 
used to make drums (Wildlife Extra News 2008), while many African indigenous peoples use 
animal skins to make items such as clothing (Figure 5.26) and blankets, obtained from both 
large and small mammals. Men and boys of the Hadza (Tanzania) traditionally wear the skin of 
a small mammal around their waist as a loincloth. The skin is tied in place with a leather belt, 
while the animal’s tail hangs down around their legs; though in recent years most have moved 
into wearing Westernised clothing, with furs often only worn for tourists (Millett 2001, 5). 
 
     
 
 In Australia, the Aborigines used skins from animals such as possum to make cloaks. 
The animals were skinned and the pelts cleaned and dried, and then sewn together to make 
suitably-sized cloaks. These would be worn during the day as cloaks in the cooler winter 
months, and at night would then serve as blankets (Crystal 1995-2012). Schűrmann, writing in 
1879, describes how Aborigines in Port Lincoln wore one or two kangaroo skins, and 
sometimes furs from other species, such as wallaby or opossum, and records how they were 
prepared: 
Figure 5.26: Hadza hunter 
wearing a fur (possibly from 
antelope such as an impala) 
and carrying a killed squirrel 
to be used for bushmeat 
(Safari Ecology 2012). 
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“…As soon as the skin is taken from the animal it is firmly stretched on a level spot 
of ground by means of pegs inserted round the edge, the flesh side being upwards; 
when it is dry all fleshy substances that adhere to the skin are gently pulled or 
shaved off with a sharp-edged piece of quartz, it is then rubbed with the rough 
surface of an ironstone, which makes it both soft and pliable. The skins are then 
sewn together with the sinews from a kangaroo’s tail, holes for this purpose being 
made with a thin pointed bone…” (Schűrmann 1879, 210). 
 As the skins were not tanned, care was taken not to get the flesh wet as it would become 
stiff, so they would be worn fur side out when it rained. The same author records how men from 
a north-western tribe wore ‘yarn’ wound several times round their heads, which was usually 
spun from opossum fur or even human hair; on occasions emu feathers would be added above 
the forehead. Other ornamentation included the tip of a wallaby or dog’s tail attached to the end 
of the beard, or the ‘whole tail of a wild dog tied round the head’ (Schűrmann 1879, 211). 
 
5.2 Exploitation for bone and teeth 
Besides utilising their pelts, smaller mammals may have provided other useable materials, such 
as bone and teeth. These may have been employed for functional, utilitarian purposes, or 
fulfilled a more symbolic or ideological niche within society. The practical use of these 
materials is examined here, while more conceptual applications are addressed in Chapter 6. 
 
5.2.1 Utilitarian tools 
Bone: 
As readily available, abundant resources it is extremely likely that bone, tooth, antler, and ivory 
obtained from hunted (or scavenged) prey would have been utilised by prehistoric people. As 
with other raw materials, such as flint, these may have been used in their original form or 
modified to improve their suitability as tools for a specific task, even waste fragments could 
have been utilised. Equally similarly there was temporal and spatial variability of such forms. 
There is a general consensus that while bone artefacts (and ivory and antler, though not 
applicable for small mammals) were used in the Lower and Middle Palaeolithic in Eurasia these 
underwent little modification. Those that were fabricated tended to reflect lithic forms, and 
included simple racloir or denticulates, or awls with minimal shaping. It was not until the Upper 
Palaeolithic, from the early Aurignacian onwards, that such materials were extensively crafted 
into more sophisticated items such as needles, bone ‘rings’, awls, split-base bone points, 
elaborate bead forms, and perforated batons (Mellars 1989b, 343). 
 While many prehistoric bone tools were clearly derived from large herbivore bones 
because of their size and amount of solid, compact bone, there is evidence that bones of smaller 
non-ungulate mammals were sometimes utilised. The problem is that it is not always possible to 
identify the animal species of origin unless a diagnostic articular end is present, though current 
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research using genus-specific collagen peptides in small bone fragments may soon resolve this 
issue (see Buckley et al. 2009). Examples of small mammal bone artefacts include a bone 
needle and awls made from the tibiae of arctic hare (Lepus timidus), recovered from the Late 
Upper Palaeolithic levels at Robin Hood  and Church Hole Cave at Creswell Crags (Figure 
5.27) and radiocarbon dated to 13,200 to 15,700 cal.B.P. (Pike et al. 2005, 1651).  
 
    
Figure 5.27: 12,500 year-old Upper Palaeolithic awls found at Pin Hole (left) and Church Hole 
(right), Creswell Crags, made from the tibiae of Arctic hare (Lepus timidus). The fine tip broke 
off the right-hand awl after recovery (Creswell Heritage Trust 2001, Photo: British Museum). 
 
 The pointed ends of awls would have been used to pierce animal hides or plant material 
when making clothing and other objects. Hare bones were also recovered from the Magdalenian 
open-air site of Pincevent, but reindeer dominated the assemblage and unsurprisingly most bone 
tools (including harpoons and batons) were made from their bone or antler. But given that small 
bone needle fragments were present (Leroi-Gourhan and Brézillon 1972, 319), it may have been 
easier to fabricate these from smaller mammal or bird bones. 
 In North America, long-bones from cottontail rabbit (Sylvilagus spp.) and jackrabbit 
(Lepus spp.) were modified for use as needles and awls (Figure 5.28), and have been recovered 
from numerous sites, including the Mogollan village of Turkey Foot Ridge (New Mexico) 
(Figure 5.29) (Martin and Rinaldo 1950). 
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Figure 5.28: Awl made from a jackrabbit ulna (American Southwest Virtual Museum) 
 
                     
 
 Excavation at the site of Angostura 1 (Argentina), radiocarbon dated to 938±45 B.P., 
recovered a worked bone tool that had been made from the long bone of a small mammal 
(Figure 5.30), though the species could not be identified. One end consisted of a long, thin, 
point, while the other was larger and broader. Examination of the artefact suggested that it was 
made by removing one epiphysis and then honing the other end to a sharp point. Evidence of 
smoothing and polishing on its tip was probably produced during use (Fernández et al. 2011, 7-
8). Given its shape and fine point the authors propose that it may have served a similar function 
to modern brooch pins (Fernández et al. 2011, 7-8, citing Prates 2008). 
 
Figure 5.29: Awls made from the 
long bones of leporids and 
ungulates, recovered from Turkey 
Foot Ridge site, a Mogollon village 
(New Mexico) (Martin and Rinaldo 
1950, Fig.133). 
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 However, one problem is that correctly identifying bone tools is not always 
straightforward. Various authors have identified that non-human factors like animal trampling 
(Myers et al. 1980) or splintering by hyenas (Sutcliffe 1970) can create tapering fragments that 
mimic tools because of their shape. Such artefacts have been termed ‘bone pseudo-tools’ 
(Figure 5.31) by Brain (1988) and further defined by Myers et al. (1980, 484) who stated such 
items were pseudo-tools ‘…if they had a spiral fracture that intersected with either another 
spiral fracture or a longitudinal fracture to produce a pointed end…’ Subsequent 
experimentation by Sadek-Kooros (1972) on sheep metatarsals demonstrated that such patterns 
could be produced by deliberate bone breakage, such as for marrow extraction. Nor is this 
potential problem restricted to larger species, as research undertaken on small mammal bones 
during this research showed that similar patterns arise from breakage for marrow extraction, 
leaving fractured bones that mimic deliberately-crafted tools. 
 
Figure 5.31: Horse tibiae ‘pseudo-tools’ from four American palaeontological sites (Myers et al. 
1980, Fig.1). 
Figure 5.30: Long, thin, 
pointed bone tool made 
from the long bone of an 
unidentified small mammal 
(Fernández et al. 2011, 
Fig.7). 
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Teeth: 
It is not only small mammals’ long bones that were used for tools. In Europe there is evidence 
that their teeth were also utilised. Beaver jaws and teeth found at Meare Village East (Somerset) 
were interpreted as possible woodcutting or wood-shaving tools, and their large incisors 
certainly resemble chisels. Moreover, given the presence of trimming on them, were likely 
hafted for use (Coles 2006, 69-70). Beaver teeth were also used for dice (Coles 2006, 55). 
 Similarly, evidence of using smaller mammals’ bones or parts of bones, as tools has 
been found in archaeological deposits outside Europe. For example, several rabbit mandibles 
wrapped round with fibre have been found in rock-shelters in the Lower Pecos Canyonlands 
(Texas) (Figure 5.32). They have been interpreted as a ‘scarifiers’, and used to score the skin 
during tattooing, or used as an instrument for letting blood by cutting open a superficial blood 
vessel (University of Texas at Austin 2008). 
 
 
Figure 5.32: A probable ‘scarifier’, a rabbit mandible wrapped with fibre that may have been 
used for bloodletting or tattooing (University of Texas at Austin 2008, from the Amistad National 
Recreation Area Park Museums Service collection). 
 
 Excavation of Ord Shelter (California) uncovered part of a jackrabbit mandible that was 
held together with a length of sinew and yucca fibre (Figure 5.33), with chipping on the lingual 
surface of the teeth (Echlin et al. 1981, 60). The authors cite Haury’s (1950) Ventana Cave 
5: Small mammals utilisation for non-dietary products 
352 | P a g e  
(Arizona) report where several other similar artefacts were found, but three of those had several 
incisors broken from their sockets, suggesting heavy utilitarian use. Interestingly, Haury’s 
(1950) book seemingly contained an illustration from Pond (1930) which records that such an 
item was used for flaking arrow points. Echlin et al (1981, 60) suggest that the mandible from 
Ord Shelter may have been hafted, hence the fibre, while the “…minute interstice between the 
incisors would have engaged the cutting edge of a flaked stone implement for retouch 
flaking…”. 
 
   
 
5.2.2 Ornament 
Beaver teeth found at Meare Village East (Somerset) were seemingly used for decoration, while 
in Canada there is evidence for wearing beaver claws as necklaces. The claws would be pierced 
and threaded in short rows to be worn around the neck. A further example is the use of their 
claws to decorate a caribou skin bag. The bag, which was acquired in 1915, was used by a girl 
from the Tahltan tribe (British Columbia) and would have been used during her seclusion at 
puberty. The bag held grease, which would have been smeared on her lips to reduce her food 
requirement during this period, and a swan’s wing-bone that served as a straw for drinking 
water (Coles 2006, 55). 
 Several burials at the Mesolithic-Neolithic site of Ajvide (Sweden) contained beads 
made from hare bones, usually the metapodia of arctic hare (Lepus timidus), with one grave 
containing as many as 18 beads. However, most beads in the graves were made from bird bones 
(usually the radius and ulna) (Mannermaa 2008, 209-210), so that hare bone beads only 
constituted 5.5% of the total bead assemblage, with the remainder made from bird bone . This 
site is not unique in this respect, as specimens in burial 7 at Ajvide, formerly reported as bird 
bone beads, also turned out to be arctic hare foot bones (metatarsi or metacarpi) on re-
examination (Burenhult 2002). 
 Outside Europe the use of rabbit bones as a material for making beads has been 
recorded at North American sites, such as the Raptor site (Wyoming) (48SW1090), where 
Figure 5.33: The remains of 
part of a black-tailed 
jackrabbit mandible from 
Ord Shelter, California, held 
together with sinew and 
yucca fibre (Echlin et al. 
1981, Fig.11). 
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excavation recovered an exceptionally high number of rabbit remains (892), many with burning, 
cut or impact marks. Among the finds were 127 bone artefacts, including a single awl and 18 
tubular beads made from cottontail ulnae, tibiae and metapodia, along with bead production 
waste (Figure 5.34). This mainly comprised bone articular ends that had been cut transversely 
during manufacture using a technique termed ‘groove-and-snap’ (Lubinski 2003, 200-201). Nor 
is this site unique, as Frison (1991, cited by Lubinski 2003) has reported similar finds, though 
none on other intermountain sites. 
 
      
 
  Native Americans often manufactured beads from the shafts of leporid bones, 
particularly tibiae. While some were made using the ‘groove and snap’ technique (Hockett 
1991, 668; 673), which would result in long bone fragments with straight cut or sawn ends 
(Schmitt 1990, cited by Hockett 1991, 673), other necklace items were made by merely 
breaking off the ends of long bones, producing waste bone fragments with jagged ends (Hattori 
1982, cited by Hockett 1991, 673). 
 The choice of bead-making material, whether for daily use or burial, raises the question 
of whether it was culturally dictated. Mannermaa (2008, 215) has questioned if using bird bones 
for this purpose was connected to their symbolism within a society, perhaps making it culturally 
Figure 5.34: Production waste 
and two beads (bottom row) 
from the Raptor site 
(Wyoming). These were made 
from cottontail and jackrabbit 
tibiae, ulnae, and metapodia 
(Lubinski 2003, Fig.2). 
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inappropriate to use bones from other species. The same question may be asked for hare bones; 
whether there was some implicit meaning in the species choice, or if the bones were simply 
selected for their physical qualities, morphology, and availability; it may have been easier to use 
these finer bones than try to manufacture fine beads from the more solid bones of larger species. 
 
5.2.3 Other bone artefacts 
A more unusual usage of small mammal bones is using marmot or hare skulls as a toy. Gurvich 
(1979, 35) describes how a ‘bilboquet’ type toy was widely used by Eskimos and Koryaks 
(from extreme north-east Asia). It consisted of a wooden ‘bushing’ or plug with holes, which 
would be thrown in the air and caught on a rod. A variation of this among Central Eskimos was 
to use skulls of small animals (marmots or hares) or figurines made of walrus bones, shaped like 
a bear’s body or fox’s head, instead of the ‘bushing’. The Nentsi (Siberia) too played a similar 
game with small mammals’ skulls. 
 In North America, bones were seemingly used to make ‘tinklers’ or strung rattles; as 
were shells, wood and deer hoof (Brown 1967, 72). Hollowed rabbit leg bones have been found 
at various Mesa Verde sites (O'Bryan 1950, 87 cited in Brown 1967), and more recently 
excavations at Wallace Ruin recovered numerous tibiae where the proximal end had been 
reamed out and the shaft perforated with a small conical aperture (Figure 5.35). Not only were 
cottontail and jackrabbit tibiae present, but also two canid tibiae, seemingly from a ritual 
context (Bradley 1988). The precise use of ‘tinklers’ is not known, but they are often found 
associated with ritual features, and seem especially common during Pueblo III times (Cattanach 
1980, 313; Rohn 1971, 249-250 cited by Bradley 1988). They were thought to have been 
attached to clothing fringes, but excavation at Wallace Ruin recovered one with a string running 
through the reamed-out bone. One end extended though the drilled aperture and knotted, while 
the other was wrapped round a feather quill. It is interpreted as a ‘paho’ or prayer handle, and it 
is possible that many other such bones have the same origin (Bradley 2010b, 311-312). 
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5.3 Utilisation of soft tissue resources 
A final category of materials derived from smaller mammals are those more unusual items that 
may or may not have been used in the past and which could be difficult to identify 
archaeologically, but whose use has been identified from ethnographic, ethnohistoric, and/or 
more recent practices.  
 
5.3.1 Medicine 
Evidence shows that small mammals were used for assorted medicinal purposes. For example, 
in Egypt, hedgehog fat or oil was thought to cure baldness (Rigby 1998-2006). In Assyria, 
eating fox meat was thought to speed up a slow labour during childbirth, as was tortoise meat 
and pork (Russell 2011, 393). The same author suggests that in some Çatalhöyük burials the 
microfaunal remains from carnivores’ scats may have had a medicinal use (Russell and Meece 
2006).  
 
Australia: 
Australian aborigines are recorded as using possum skin on snake bite; though no treatment was 
given for a death adder bite as it was considered fatal and untreatable. The bite was treated 
immediately by squeezing out the blood by pinching it between the thumb and forefinger. When 
Figure 5.35: Rabbit tibiae with side 
perforations made into ‘paho’ (prayer 
feather) handles. Handle b) is intact, 
while a) has broken across the bone 
distally at the perforation level (Bradley 
2010b, Fig.4.39). 
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bleeding stopped a possum skin that had been heated until as hot as possible was applied over it, 
and left to cool in place. The skin was removed when cooled and reheated, while the puncture 
was sucked, then the process repeated for 45 minutes (Thearle 1982). 
 
North America: 
One example of small mammal products being used for medicinal purposes is castoreum 
(Figure 5.36). This is obtained from both male and female beaver and comprises ‘castor sacs’ 
that lie near the tail adjacent to the animals’ scent glands (Coles 2006, 56). While living, the 
beaver uses the scent from these to mark its territory, but it has been used in North America as 
medicine (see below) as it contains salicylin, with similar properties to aspirin. As such, it has 
been employed for a range of uses, from an antiseptic, as pain relief, to treat rheumatism, lower 
fevers, and even to treat skin conditions such as warts and acne (Kitchener 2001, 76-77, cited by 
Coles 2006, 56). 
 
      
 
 The Iroquois would keep the oil produced when cooking the meat of animals such as 
raccoon, porcupine, and bear. This would be used as a treatment for ‘cramps’ by rubbing it on 
the back and chest; other uses included its ‘application to newly-born infants’. Another unlikely 
Figure 5.36: Diagram  
showing the diverse range 
of resources that may be 
obtained from beaver (Coles 
2006, Fig.4.8). 
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source of medicine was skunk (Mephitis mephifica), as its meat was considered good for a range 
of ailments (Waugh 1916, 134-135). Other medicines included the bodies of wood frog (Rana 
cantabrigensis) dried and made into a broth, and turtle meat, made into a soup or stew. As a 
broth it was used for newborn children and sore throats (ibid. 136).  
 
Canada: 
While most materials used for medicinal purposes were derived from the animals’ soft tissues, 
some hard tissues were also utilised. For example, the Mistassini (Labrador) are recorded as 
using beaver’s teeth as a ‘strong medicine’. These are charred, then ground up into a powder, 
before being mixed with water and drunk by hunters (Speck 1977, 117). 
 
South America: 
Exploitation of cavies for a variety of purposes is well-documented in South America, this 
includes for food, in rituals (see Chapter 6), and for healing purposes, where the animal was 
rubbed over the sick person (Morales 1995). 
 
Africa: 
In Ghana, animals are eaten if they are thought to provide medicinal benefit. This includes rats 
(Rattus spp.), which are believed to cure whooping cough and given to children suffering from 
the condition (Asibey 1974, 33). In Nigeria, dogs are thought to possess therapeutic properties 
that are accessed by eating their flesh. For example, a mixture of dog fat and other ingredients is 
thought to cure fever and syphilis, while in Northern Nigeria kneeling to a dog is considered a 
remedy for boils (Ojaoade 1985, 24). Such beliefs are also long established in other areas of the 
world, with the Greeks and Romans in the classic period (Gilhus 2006; Trantalidou 2006, Both 
cited by Russell 2011, 393), and with dog meat considered medicinal in Mesoamerica (White et 
al. 2001). 
 
Asia: 
The ‘traditional’ populations in the Andhra Pradesh region on the Southeast coast of India have 
medicinal uses for smaller mammals. Asthma and gastric disorders are treated using a 
porcupine’s stomach contents that have been sun-dried then powdered; these are taken orally. Its 
gall bladder is swallowed whole, taking care not to break it due to its bitter taste, to improve 
eyesight or as a treatment for night-blindness (Murty 1985, 17-18). Though not small species, 
the flesh and certain organs of tigers are believed to have medicinal properties for some shifting 
cultivators. Consuming small amounts of the meat is said to make a person’s back as strong as 
the animal’s, while its tallow is applied externally to treat rheumatism. Rheumatism is also 
treated orally, by taking small pills made from dried residues produced by boiling tiger’s heart 
and certain herb roots in rice beer. These cultures also keep a bone from any animal killed by a 
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tiger, in the house. Combined with human hair it also serves as an anti-witchcraft measure, and 
repels spirits from affected individuals (Murty 1985). 
 
5.3.2 Material culture 
An unusual example of small mammal products contributing to material culture is the use of 
rabbits’ blood. This is recorded as having been used by North American Indian groups, such as 
in the Great Basin, California and the Plateau, to create ‘poison’ to cover arrow tips to enhance 
their effectiveness or cause significant discomfort to their prey (whether animal or human!). The 
rabbits’ blood was not used alone, but variously mixed with other ingredients such as crushed 
insects, rattlesnake venom, urine, and deer’s liver or blood (Ellis 1997, 55). 
 Research into the organic component of rock art paint has recorded that pigment could 
be mixed with binders such as animal fat or even saliva, and that  “…beaver tails and fish roe, 
the hoofs of moose and deer, could all be used to make glue, with fish and rabbit skins…” also 
potentially utilised (Dewdney and Kidd 1967, 169 cited in Watchman 1993). It is reported that 
in Africa “…the syrupy urine of the dassie or rock hare was used as a binding agent for 
pigments in rock paintings…” (Biesele 1974, cited by Watchman 1993), while in recent times 
perfume manufacturers have used anal glands from species such as civet. 
 
5.4 Discussion and Conclusion 
One of the major limiting factors to archaeology is the non-preservation of organic materials 
due to the destructive nature of depositional contexts, caused by unfavourable aerobic and 
hydrological conditions. What are usually lost are the organic, soft tissue materials, such as furs, 
sinews, skins, and sometimes bones, and the cultural artefacts crafted from them that were 
seminal to the everyday lifestyles of past populations. The use of ethnographic analogy is 
undoubtedly useful in suggesting what might have originally been present in the archaeological 
record and how such materials may potentially have been used.  
 This chapter provides an indication of the diverse use of various non-dietary, small 
mammal resources recovered from archaeological sites, or shown to have been utilised from 
ethnographic and ethnohistoric evidence, and there are no doubt other uses not mentioned here. 
It clearly demonstrates that despite their smaller size the bones, furs, and other materials 
obtained from various mesofauna would have been invaluable resources, providing alternative 
characteristics to those gained from larger species and invaluable in their own right. 
 Having discussed the utilisation of mall mammals for food and non-dietary resources, 
the next main area for consideration is the use of them (or parts of them) for more abstract roles, 
where they or their remains held a special meaning within the group, either at an individual 
level or as part of a wider ideological or cosmological construct, and this is addressed in the 
following chapter. As mentioned previously there are areas of overlap, and while it is 
convenient to pigeonhole subjects into different chapters or sections for the purpose of this 
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thesis there are invariably instances where certain topics could fit several categories; this is 
particularly the case for many examples in the next chapter. 
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CHAPTER 6 
 
THE ICONOGRAPHIC, IDEOLOGICAL AND SYMBOLIC 
USE OF SMALL MAMMALS. 
 
This chapter addresses the more abstract spiritual and ideological side of human-smaller animal 
interactions, including imagery, use of animal parts as ornament, and their deposition in non-
secular contexts. It examines the spatial and temporal variation in such utilisation, and potential 
inter-cultural variation. Examining archaeology and ethnography from other regions of the 
world provides an indication of how smaller mammals could have been perceived or utilised by 
prehistoric societies. 
 
6.1 Imagery: Cave art and petroglyphs 
6.1.1 Two-dimensional imagery 
Parietal art: 
The mention of cave paintings usually conjures up images of large mammals, but smaller 
mammals were also depicted, although these are significantly far fewer in number than the 
larger species that constituted the core subjects of most parietal art. The frequency with which 
different species were depicted varies, and while animals like felines, such as depicted at 
Chauvet Cave (Clottes 2003), and canids were relatively common, smaller carnivores are rarer 
subjects. Those depicted include fox at Le Placard, Les Combarelles, and Arudy (France), and 
wolverine at Lorthet and Laugerie-Haute (MacCurdy 1924, 37), Los Casares and Les Trois 
Frères (Kurtén 1968, Fig.37; Ucko and Rosenfeld 1967, Fig.77).  
 It is suggested that there are only two known paintings of mustelids, probably weasel 
(Mustela nivalis) (Azéma 2008, Table 1), such as at Clastres (Niaux, France) (Vialou 1998, 
116)(Figure 6.1.). However, Reed (1976) has tentatively suggested that some 
‘anthropomorphic’ figures depicted in Upper Palaeolithic caves might be better interpreted as 
mustelids like weasels, martens, minks, and otters (Figure 6.2), based on head and body shape, 
the presence of muzzles or upturned snouts, and stance. His explanation for the apparent human-
like features being that “…certain “anthropomorphic” representational devices were sufficient 
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to embody the essences of particular animals which existed quite outside of the much more 
familiar and commonly depicted herbivore class…” (Reed 1976, 136). He also suggests that 
those figures ‘pierced’ by lines could be porcupines, with the lines potentially representing their 
quills rather than projectiles (see Figure 6.2g), while the flexed position of some of the figures 
could suggest climbing, falling, or swimming. This he attributes to them being based on animals 
climbing trees, or sliding in mud or snow (Reed 1976, 137). 
 
 
 
  
Figure 6.2: Upper Palaeolithic ‘anthropomorphic’ representations from various French and 
Spanish caves, some of which have been interpreted as mustelids rather than humans. For 
example, figure 6a-i (left) has been suggested as wolverine (Reed 1976, Figs.1 and 2).  
6.2a) 6.2b) 
Figure 6.1: The drawn 
outline of a weasel in 
Réseau Clastres, within the 
Clastres Network at Niaux 
Cave, but such depictions 
are rare  (Hitchcock 2008). 
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 Other small species depicted include hares and rabbits, which have been portrayed at 
various European sites including La Marche, Trois Frères, Laugerie-Basse and Gabillou 
(France), Polesini (Italy), and Altxerri (Spain) (Guthrie 2005, 120). Most are rabbits, with only 
two paintings of hares identified (Clottes pers. comm.); one is at Gabillou (Dordogne, France) 
and the other at Isturitz (MacCurdy 1924, 37). Other small species were seemingly equally rare 
subjects, though examples do exist in Europe. There is purportedly an otter with a fish depicted 
at Laugerie-Basse (Figure 6.3), and a possible badger at Gourdan (France) (MacCurdy 1924, 37; 
35). It is thought that all the species concerned probably inhabited Western Europe at the time 
they were drawn or engraved (Kurtén 1968, 90-107), but it is still questionable why these 
animals were portrayed on cave walls, and with such infrequency compared to larger 
herbivores.  
 
 
Figure 6.3: Drawn image of a painting of an otter with a salmon or trout from the Upper 
Palaeolithic site of Laugerie-Basse (Mithen 1988, Fig.36e). 
 
 Why any animals were painted or engraved at all is still not totally understood or 
universally agreed and so remains open to debate. Various theories have been proposed and 
rejected over time, starting with the culture-historic view that the images simply represented ‘art 
for art’s sake’. This was superseded by the theory that the images were there to teach hunting, or 
created as a narrative relating to the cultural background and beliefs of the people who produced 
them, or as a means of transferring knowledge. Others saw the art as “…deeply embedded in the 
procurement of food…” (Barker 1999, 825), or related to totemism.  
 More recent interpretations include the those of Lewis-Williams (2004), who 
considered that the images had shamanic connections and related to religious and magical ideas, 
often through induced states of altered consciousness. Much has been written about Palaeolithic 
cave art, but the vast majority relates to the depiction of large mammals; the consideration then 
is how the small mammals and mustelids depicted (if that is what they were intended to be) fit 
into the overall conceptual context of such imagery? They were seemingly portrayed less often 
than larger species, but any, or all, of the above theories could be equally applicable to smaller 
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mammals. Their presence in the natural world would have necessitated local people knowing 
about them, they would have been utilised for food and raw materials and so hunted, but could 
also have had totemic and symbolic cultural associations. 
 
Petroglyphs: 
Certain animals seemingly held a special importance to certain European Mesolithic coastal 
inhabitants. At Leikness in northern Norway a group of life-sized petroglyphs (dated to c.9100-
8500 b.p.) depict a number of different animals including hare, bear, killer whale, reindeer and 
swan (Fischer 1995, 106), while beaver petroglyphs are among representations present at Lånke, 
and hare at Stykket, though generally such images are rare compared with images of cetaceans 
and reindeer (Sognnes 2003, 197). Animal petroglyphs have also been found in North America, 
with beaver depicted (Figure 6.4) at sites like Newspaper Rock, Indian Creek Canyon, Utah, 
while Central Columbia Plateau includes images of smaller mammals such as beaver, rabbit and 
lynx (Keyser 1992, 54). More unusual is a Tübatulabal painting of a what seems to be a ring-
tailed cat (Figure 6.5), found in the Sierra Nevada, California (Lee and Hyder 1991, 20). 
 
   
Figure 6.4: Left: Petroglyph depicting a beaver found in Arkansas, drawn in the Petit Jean 
Painted style using red iron oxide paint (Vogel Undated). Right: Rabbit or hare petroglyph from 
Three Rivers Petroglyph site, New Mexico (Faris and Faris 1988). 
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6.1.2 Three-dimensional imagery 
In addition to Palaeolithic two-dimensional images of smaller mammals, there are also claims 
for zoomorphic sculptural portrayal of them, manufactured out of stone by knapping. While 
most seemingly depict human figures and larger cold-climate species like mammoth and woolly 
rhino, a few purportedly represent smaller species like beaver and squirrel (Musch 1985, 8). 
Such figurines have also been found in other parts of the world, such as the rabbit fetish from 
North America (see Figure 6.27) and the cat’s head figurine from Cyprus (Figure 6.20), though 
seemingly served different purposes. 
 
6.2 Symbolism and ideology: Ornamentation and deposition using 
small mammal bones, whole skeletons, or other body parts 
The non-functional, ‘ritual’ or symbolic use of bones and teeth from large mammals is well 
documented for prehistoric and earlier historic periods. Examples include the use of deer canine 
teeth as ornaments, which have been recovered from many European Upper Palaeolithic sites 
(Hillson 1986, 237). Evidence for the deposition of whole animals or selected body parts is 
often seen; sites include Ajvide (Sweden) where one burial included a boar’s tusk (Mannermaa 
2008, 207). There is evidence for similar use of artefacts made from bones of smaller species, 
and comparable deposition of whole animals or specific body parts. 
 Such items may be broadly divided into several categories, though these are not 
necessarily exclusive to each other. There are those animal body parts that were used as 
ornamentation for the living and/or the dead, and whole animals buried with the dead as status 
indicators or companions for their ‘future life’. Then there were animal body parts deposited 
with the deceased, seemingly as food for the transition to the afterlife or their future within it, 
and items that suggest more esoteric, culturally specific symbolic or spiritual connotations. 
 
6.2.1 Ornamentation of the living and the dead: Teeth 
The first category for examination includes those small mammal parts seemingly employed as 
some form of ornamentation for the living and/or the dead. These include teeth and, to a lesser 
extent, bones. The use of such items has been identified from the Palaeolithic onwards, with 
Figure 6.5: A Tubatulabal 
painting of a possible 
ring-tailed cat, from  
California (Lee and Hyder 
1991, Fig.5). 
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examples recovered from numerous excavations. In south-west France the adaptation of animal 
teeth as personal ornaments and the emergence of a ’sophisticated’ art tradition did not begin 
until the Upper Palaeolithic from the earliest Aurignacian levels onwards, with both 
representing a development not seen in the Middle Palaeolithic (Mellars 1989a, 255). In central 
France some of the earliest grooved and perforated teeth were recovered from the 
Châtelperronian site of Arcy-sur-Cure, but the perforated fox tooth from La Quina remains the 
only such evidence from the middle Palaeolithic (Mellars 1989a, 259). The hole in a perforated 
fox tooth recovered from the French Upper Palaeolithic cave of Grotte des Fées (Figure 6.6) was 
found to have been by longitudinal scraping of the tooth using a lithic tool, then punctured 
through when thin enough (Zilhão et al. 2008). 
 
 
Figure 6.6: Perforated fox tooth from the Upper Palaeolithic cave of Grotte des Fées (France) 
(Zilhão et al. 2008, Fig.33). 
 
 Such items are most frequently found during excavation of burials. Yet while the 
number recovered from such deposits seem to suggest it represented a relatively regular 
occurrence, it is less clear whether these were employed as ornamentation solely for the dead or 
also worn by the living. However, it may be inaccurate or inappropriate (and difficult) to 
differentiate between the two, as items worn in life could have later been deposited with the 
deceased, unless there is evidence for wear on the artefact to suggest it was actually worn during 
life. Even so it was not necessarily worn by the deceased as such items may have been gifts 
from relatives or friends to honour the dead. 
 Vanhaeren and d’Errico (2010) catalogued all the known Aurignacian beads and 
pendants during research into determining the ethno-linguistic diversity of the earliest European 
Upper Palaeolithic populations. This research was based upon personal ornaments as the authors 
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considered them among the items best reflecting such diversity. Their findings identified the use 
of teeth (molars, canines, incisors and premolars) from 20 species including horse, deer, wolf, 
hyena, and even a single human and shark tooth, but smaller mammals were also utilised. 
Examples include teeth from badger, beaver, and fox (Figure 6.7), which were either 
deliberately perforated for ornamentation or had a groove incised around the root apex to enable 
attachment, and there was a whole unmodified fox metapodial and humerus (Lubinski and 
Shaffer 2010, 1108). 
  
                                                                                                     
 
 Teeth are the most common type of mammal remains found within Mesolithic and 
Neolithic burials in northern Europe (Mannermaa 2008), though while many are from larger 
species, teeth from smaller mammals were also incorporated. Many teeth appear to have been 
deliberately perforated, so perhaps used as pendants or necklaces, or attached to clothing and 
other artefacts. While some burials seemingly specifically included one species of animal, 
others incorporated a range of species. For example, burials in the early Neolithic cemetery at 
Zvejnieki (Latvia) included parts of disparate animals, such as pendants made from teeth of dog, 
marten, wolf, and badger. One of the most elaborate was Grave 153, the supine inhumation of a 
Figure 6.7: Examples of small mammal teeth used 
in the Aurignacian as personal ornaments a) 
Beaver incisor b) Badger canine c) Fox canine and 
d) incisor (Lubinski and Shaffer 2010, Fig.2). 
b) 
c) 
d) 
 
a) 
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young man. He had been buried on a thick layer of red ochre with a head ornament that included 
91 animal tooth pendants. This comprised a string of teeth from badger, marten and dog 
extending between his ears, in the middle of which were eight elk teeth and one large dog’s 
tooth. Hanging down each side of his head were other tooth pendant strings, also made of 
marten, dog and badger teeth (Zagorska 2008, 120). Another male burial included hunting 
implements and two wolf molars, symmetrically arranged between his mandibles. Nor was this 
practice restricted to adults. Burial 226, which dated to 5345±60 b.p. and also included much 
ochre, was a child aged between birth and seven years at death. The ornament adorning the child 
contained 80 teeth, from seal, dog, marten and wolf, while another child’s grave included 224 
tooth pendants. 
 What is less clear is whether these teeth and pendants were merely employed for their 
aesthetic value as necklaces or decorating garments like belts or outer clothes, or whether they 
imbued a deeper, culturally-specific, and maybe exclusive, meaning. The species selected or 
number of teeth worn by the living could have reflected their position or status within their 
society, or were related to a person’s role or achievements, or maybe there were totemic, kinship 
or tribal-related links. Such artefacts may have been more specifically employed within burials, 
making their presence open to a more symbolic or spiritual interpretation. Alternatively they 
could have had a deeper socio-cultural significance fulfilling a totemic, apotropaic, or protective 
role, or were hunting trophies (Mannermaa 2008, 201) employed to reflect the hunter’s prowess. 
It could be that they were simply used to honour the dead or given as tokens of love by grieving 
relatives, incorporated into a ‘shroud’ for the deceased or as decoration on other items, like 
belts, pouches, or headgear (Mannermaa 2008), to accompany them within the burial. A further 
possibility is that they were objects linked to apotropaism, used to avert evil influences or bad 
luck (Oxford English Dictionary 2008), and their inclusion in tombs and graves with the dead 
may have been founded upon similar ideals, or conversely, related to the perceived afterlife of 
that culture or the transition to it. Whatever the reason, it has been shown that for some periods 
at least, the choice of animal was not dependent upon raw material availability. For example, 
fox teeth were used in the Aurignacian as personal ornaments in Belgium, south-west France 
and Germany, while they were seemingly not utilised in south-eastern France, Mediterranean 
Spain, Italy, Austria, and Greece, despite the species being present there (Lubinski and Shaffer 
2010, 1118). This therefore suggests their use was dictated by culturally-specific beliefs that 
varied regionally. 
 
6.2.2 Small mammal remains: Bones and skeletons 
The bones and even whole skeletons of smaller mammals have been recovered from burial 
contexts, and while they may have fulfilled a similar role as teeth, if unmodified could represent 
food items deposited to accompany the dead on their journey to an ‘afterlife’ or as nourishment 
when there. As with teeth, the choice of species was doubtless significant, whether symbolic as 
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part of an animal cult or with culturally imbued meanings (Mannermaa 2008). For example, 
although pig remains were the most frequently found animal remains from Pitted Ware burials 
on Gotland, common grave goods included seal teeth, while other parts of exotic animals found 
regularly included beaver teeth and hedgehog, in particular their mandibles and spines (Janzon 
1974, cited by Martinsson-Wallin 2008, 166). The same author (2008, 168) also cites the work 
of Van Gennep (1981) and Turner (1969) into attitudes of traditional cultures that perceived 
death as a dangerous liminal stage, employing specific rituals to ensure that the deceased’s spirit 
travelled to the right place. Animals were associated with magic and human-animal or animal-
human transformation. They were variously used for feasting or sacrificed to accompany or 
guide the deceased’s spirit; perhaps symbolising group/clan affiliation, but nevertheless holding 
some significance within their belief system. It is suggested that only species considered to have 
special importance were used in burial rituals (Mannermaa 2008, 215), but the same animal 
species often recur in prehistoric burials, further confirming that they possessed some cultural 
significance and meaning now lost to us.  
 The presence of animal bones or parts in burials has also been suggested as being due to 
that person being ‘special’ in life. For example, a burial of an elderly, disabled female at the 
Late Natufian site of Hilazon Tachtit Cave (Israel), who was accompanied by two stone marten 
skulls (Martes foina) that were probably buried unskinned, wolf mandible, leopard pelvis 
(Panthera pardus), golden eagle wing tip, over 50 complete tortoise shells (Mediterranean spur-
thighed tortoise, Testudo graeca), wild boar radius and ulna, auroch tail, and a complete human 
foot, was suggested as being because she was a shaman. Other nearby graves contained parts of 
red fox skeletons, and with the site dated to 12,400–12,000 cal BP is thought to represent the 
earliest evidence for human-fox burial (Grosman et al. 2008). Utilisation of specific small 
mammals is now examined further. 
 
6.2.2.1 Rodents 
Mention has already been made of beaver teeth among animal remains in Pitted Ware burials on 
Gotland, and there are suggestions that beaver may have been linked to water symbolism in 
some places, as were water-birds and amber (Mannermaa 2008). Although outside the study 
area, pendants made from beaver, elk and bear teeth were found in burials (Figure 6.8) at the 
Mesolithic site of Oleneostrovski Mogilnik in Karelia (Russia), with a particular tendency for 
beaver incisors to be found in female graves (there were over 1,000, with 69 carved) (O'Shea 
and Zvelebil 1984, 6). A shaft grave, in which the deceased was buried in a standing position, 
also contained six beaver mandibles, which in some Siberian groups apparently formed part of 
shaman’s outfits (Gurina 1956, cited by O'Shea and Zvelebil 1984). Beaver were considered by 
some Boreal peoples to have ritual and medicinal properties (Eidlitz 1969, cited by O'Shea and 
Zvelebil 1984, 6), which as Coles mentions (2006, 56) bears an interesting correlation to the 
salicylin content of castoreum. 
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 In North America, Early and Transitional Period inhumation burials are fairly 
commonly found with unworked beaver (Castor canadensis) hemi-mandibles, with one early 
Figure 6.8: Burial of an adult  
female at Yuzhniy Oleniy Ostrov, 
along with bird bones (situated by 
the right knee and mandible), elk 
teeth were vast numbers of beaver 
teeth (Mannermaa et al. 2008, 
adapted from Gurina 1956). 
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Sacramento burial also including rectangular Olivella biplicata and small spiral Olivella baetica 
shell beads. None of the beaver mandibles showed signs of use-wear, indicating that they had 
not been used as tools (Heizer and Hewes 1940, 591). 
 
6.2.2.2 Erinaceomorphs 
Hedgehogs seemingly held some significance for various prehistoric peoples, with both their 
osteological remains and representational artefacts recovered from archaeological sites in 
different countries, dating from a range of periods. While the whole creature was often 
represented or employed, hedgehog mandibles seem to have had a particular significance. At the 
Neolithic site of Ajvide (Gotland, Sweden) the burial of a young female (Figure 6.9) contained 
cormorant bones (Phalacrocorax carbo) within the left thorax, along with five hedgehog 
mandibles (Erinaceus europaeus). Another burial contained hedgehog jaws, with bird bones, 
seal teeth, cyprinid pharyngeal bones, flint scrapers and bone arrowheads (Mannermaa 2008, 
208-209).  
 Apparently not only mandibles were important, as one young girl at Ajvide was interred 
with cap of hedgehog spines as well as hedgehog mandibles. Lindqvist and Possnert (1997) note 
that “…the hedgehog (Erinaceus europaeus) is a very interesting find, because this species 
cannot populate isolated islands by itself…four mandible fragments found from a fireplace at 
the site…could have been brought to the island with the skin or as part of a complete skull. The 
site seems to have been used only during the seal hunting season, in early spring, when the 
hedgehog is in hibernation. It is, therefore, doubtful that a living animal had been brought to the 
site…” leading to their conclusion that “…hedgehog must have carried a magic meaning…” or 
maybe served some shamanic purpose.  
 
 Hedgehog remains have also been recovered from burials in Neolithic Languedoc 
(France) (Figure 6.10) as well as from Spain. It is suggested that species like hedgehog and fox, 
both of which were deliberately introduced onto Mediterranean islands (like Cyprus) by people 
during the Neolithic, were treated preferentially (Vigne 1988), again reiterating their possible 
value or benefit to local populations, whether for mundane or conceptual reasons. 
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Figure 6.9: Burial of a young female at Ajvide with five hedgehog mandibles (Erinaceus 
europaeus) and remains of cormorant (Phalacrocorax carbo) in the chest area (Mannermaa 
2008, Fig.6. Photo: Göran Burenhult). 
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Figure 6.10: Middle Neolithic burial at Saint-Michel-du-Touch (France) that included a bowl 
containing four hedgehog hemi-mandibles (Clottes 1982, cited in Vigne 1988, Fig.1). 
 
 The practice was not merely confined to the Neolithic, with hedgehog mandibles 
(Figure 6.11) also found in Bronze Age burials (Sidéra 2002), suggesting continuity of practice. 
Not only hedgehog jaws were selected, mandibles from marten and other small animals were 
used as beads or pendants in late Neolithic (3
rd
 millennium BC) and Bell Beaker culture in 
western and central Europe (Sidéra 2002). I suggest that their use, or the need to harness their 
powers, was most linked to the hedgehog’s habit of hibernating. Prehistoric peoples may have 
seen these animals seemingly ‘dead’ during hibernation, followed by their emergence from 
hibernation and the transition of a seemingly dead animal to one that was subsequently alive. 
This may have been interpreted as resurrection or rebirth, and the hope that the deceased may 
also undergo this transition may have been the rationale behind using hedgehog mandibles 
within this context. This theory is supported by the findings of Gimbutas and Dexter (2007, 31-
32), who claim that both folklore and archaeology link the animal to regeneration and describe 
how early Greeks buried infants in hedgehog-shaped urns. 
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Figure 6.11: Hedgehog hemi-mandible pendant from a tomb in central or western Europe 
(Sidéra 2002, Fig.7). 
 
 The hedgehog was also clearly important in later mythical imagery, as indicated by its 
use for various terracotta figures such as from sites in the East Balkans, Vinča, and Cucuteni. 
Examples include a hedgehog with a goddess’ face (mask) found at Crnokalačka Bara 
(Yugoslavia), dating to c.5400-4500 BC, and the ‘Lady Hedgehog’, a goddess shaped like an 
animal foetus or uterus (Gimbutas 2007, 180; 179). Hedgehog-shaped ceramics, such as clay 
figures, were found in the Mediterranean region from the Neolithic, Bronze Age, and Iron Age 
(Figure 6.12), and a hedgehog-shaped vase lid dating from 4500-4300 B.C. has been found in 
southern Romania. In the Aegean Bronze Age there is evidence for a Minoan hedgehog 
goddess, wearing a skirt with spikes reminiscent of the creature (Gimbutas 2007, 31-32).  
 Hedgehog figurines also seemed a popular subject for oil or perfume bottles (aryballoi), 
with many found in Greece, especially Rhodes. Most museum examples seem to date from the 
6
th
 century B.C. and made from materials like terracotta or faience. Some clearly depict long-
eared hedgehogs (Hemiechinus auritus) (Figure 6.13), providing evidence of their former 
presence in these areas. Today they occur in Egypt and across Central Europe from the eastern 
Mediterranean to China, from Pakistan in the south to Mongolia in the north (PlanetWildlife 
2010). 
 
6: Ideological and symbolic uses of small mammals 
P a g e | 375 
 
Figure 6.12: Left: East Greek faience hedgehog aryballoi (oil or perfume bottles) in the 
Metropolitan Museum of Art. Left: Dating to c.550-500 B.C. (11.1 x 10.3 x 110.9 cm). Right: A 
6
th
 century B.C. aryballos (5.7 cm high) clearly depicts a long-eared hedgehog (The 
Metropolitan Museum of Art 2000-2012b). 
 
    
 
 Hedgehogs were also significant in Egypt, with aryballos made of terracotta or faience 
recovered from archaeological sites there, while other hedgehog-shaped artefacts include seals, 
amulets and pendants, made from assorted materials. These include an Egyptian gold hedgehog 
on a box pendant thought to date to c.4
th
 century–30 B.C. (Figure 6.14), and a Neo-Assyrian 
hedgehog lapis lazuli amulet (1.3cm long) dating from 9
th–7th century B.C, found in Iraq 
(Mesopotamia) by Max Mallowan (The Metropolitan Museum of Art 2000-2012c). 
Figure 6.13: An Egyptian 
long-eared hedgehog 
(Hemiechinus auritus). 
The aryballoi prove that 
such species were 
indigenous to such areas 
in prehistory (Art.co.uk. 
Photo: Les Stocker). 
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Figure 6.14: Left: Egyptian terracotta hedgehog aryballos (perfume bottle) in the British 
Museum, dating to c.550BC (British Museum: Stoa Image Gallery. Photo: Janice Siegel). Right: 
Egyptian Late Period gold hedgehog on box pendant (1/2 in. x 7/16 in) (The Metropolitan 
Museum of Art 2000-2012c). 
 
 Seals were often made in the form of a hedgehog, including that of Thutmose III, and 
there is also evidence for hedgehog amulets, which were especially popular during the Middle 
Kingdom (Figure 6.15). Hedgehogs functioned as rebirth symbols, and it is suggested that 
‘…possibly this charm protected the deceased because the hedgehog thrived in the low desert's 
harsh environment in or near cemeteries…’ (The Metropolitan Museum of Art 2000-2012a). 
 
 
 
Figure 6.15: Hedgehog amulet made from glazed steatite, dating from the mid-13
th
 dynasty 
c.1750–1700 B.C. Length = 0.9 cm (Egypt, Memphite Region, Lisht North, cemetery) (The 
Metropolitan Museum of Art 2000-2012a). 
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6.2.2.3 Lagomorphs 
In more recent times rabbit and hare have been bound up with special meaning; for example, the 
hare was considered an evil omen, especially if it crossed your path. In past times, the hare was 
an important symbolic creature to Iron Age people (Green 1986); Caesar records that the 
Ancient Britons considered it a crime to eat hare as it was believed to have magical and 
supernatural powers, with witches and wizards seemingly adopting its form. However, the 
Romans considered it a luxury, and hare bones have been recovered from Roman archaeological 
deposits (Thrupp 1867, 164-165). Conversely, superstitious people would carry or wear a 
‘lucky’ rabbit’s or hare’s foot in the hope that it would help protect them from bad luck.  
 It is not surprising then that hare are found in prehistoric burial contexts. Hare bones 
were found at the passage grave of Barclodiad Y Gawres (Anglesey), along with remains of 
such diverse species as grass snake, frog, toad, mouse, shrew, vole, wrasse, and eel, interpreted 
as a strange 'passage grave stew' (Powell and Daniel 1956). 
 
   
 
Figure 6.16: Adult burial 
from Ajvide with remains of 
birds, boar, seal, and arctic 
hare (Lepus timidus) 
(Mannermaa 2008, Fig.2. 
Photo: Göran Burenhult). 
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 Several burials at the Mesolithic-Neolithic site of Ajvide (Sweden) contained beads 
made from hare bones, usually the metapodia of arctic hare (Lepus timidus), with one grave 
containing as many as 18 beads. Examination of burials from Middle Neolithic contexts 
produced evidence for the inclusion of birds or parts of birds, with some containing smaller 
mammal bones also. For example, Grave 6 (Figure 6.16) contained the inhumation burial of a 
probable adult male that included flint items and 12 unmodified arctic hare (Lepus timidus) 
metapodials, as well as bird bones (such as red-throated diver), nine seal tooth pendants, and a 
boar’s tusk. Several other burials contained beads made out of hare bones (Mannermaa 2008, 
207). While bones could represent remains of food included in the grave, the specific, unaltered 
nature of some hare bones makes it likely that their selection for deposition was due to more 
than merely being food (ibid. 215). Their inclusion therefore suggests they held some special, 
maybe symbolic, cultural importance, whether related to the individual species or elements 
chosen. 
 Other examples include the Copper Age burial from Pusztataskony–Ledence (Hungary), 
of a woman aged 48–52 at death. The grave (a beehive-shaped, round pit) contained a mixture 
of faunal remains, including 11 snakes, amphibians and micromammals (Bartosiewicz et al 
2013, 78), along with the remains of a whole northern white-breasted hedgehog (Erinaceus 
roumanicus) and brown hare ((Lepus europaeus). This latter consisted of a whole animal, with 
no evidence of butchery or skinning, that had been laid on its right side in an extended position 
facing the deceased, with bones from the woman’s left hand found lying on top of the hare 
(Bartosiewicz et al 2013, 80)(Figure 6.17). 
 
 
Figure 6.17: European brown hare found within the grave of an elderly Copper Age woman; 
bones from part of her left hand was on top of the hare (circled) (Bartosiewicz et al 2013, 
Fig.7.6) 
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6.2.2.4 Carnivores 
Mustelidae: 
In North America there is mention of weasel skull fragments and left mandibles in a burial, 
which were formed into a skin bundle to give it a rough shape, while a mink skull and 
metapodials were recovered from another (Bogan 1983, 319). The author suggests that the rarity 
of mustelid remains, other than two weasel and three mink skins, means that they were included 
with high status burials, and implies an honoured or sacred role for mustelids among Dallas 
occupants at Toqua (and see Ubelaker and Wedel 1965, 449). Also in North America, 
excavation of various Central Californian archaeological sites has revealed evidence of ritual 
post-mortem treatment of animals. Examples include the burial of bears, often with whole 
abalone shells (Haliotis rujescens), and coyotes. A number of badger (Taxidea taxus neglecta) 
burials have also been found, variously comprising complete and partial skeletons. One in 
particular lay within a few inches of an undisturbed flexed human burial from the Transitional 
Period
23
 (the only period in which badger burials were found). The skeleton of the animal was 
complete with the body oriented north, and had been deposited in a prone, crouching position 
with its forelegs and hindlegs flexed underneath it (Figure 6.18). No burrow was evident near 
the animal, which was recovered from a depth of 55 inches, nor were other artefacts associated 
with the burial (Heizer and Hewes 1940, 590). 
 
Figure 6.18: Ritual badger burial, sited near a flexed human burial from the Transitional period 
(Heizer and Hewes 1940, Plate 1b). 
                                                     
23
 This extended from 4000 to 3000 years ago, and marked by a change in climate to a dry, warm period. 
Sites were more likely to be situated near water, trading increased and in the eastern states burial 
‘ceremonialism’ appears (Pennsylvania Historical and Museum Commission 2012 Native American 
Archaeology. Transitional Period: 4,000 to 3,000 years ago. http://www.portal.state.pa.us 05/10/2012.) 
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 At College Point (New York City), a ceremonial burial was found containing the 
remains of a fisher (Martes pennanti) (Figure 6.19) and a dog, with grave goods including 
ceramic sherds, hammerstone and net sinker. Both animals had been beheaded, and the dog 
buried on its right side (Lopez and Wisniewski 1958, 16 cited by Kerber et al. 1989, 167). 
 
     
 
Felidae: 
A pendant comprising a lynx canine tooth perforated with a biconical hole was recovered from 
the Middle-Upper Palaeolithic levels of Cova Beneito (Spain) (Villaverde et al. 1998, 134).  
 There are few examples of cat burials compared with other later domesticate species 
like dogs. The ancient Egyptians mummified cats in the same way that they mummified 
humans, and there is evidence for cat cemeteries (Morey 2006, 168). More unusual is the 
skeleton of a cat found buried associated with a human at the Pre-Pottery Neolithic village of 
Shillourokambos (Cyprus) (Figure 6.20), dated to c.9500 to 9200 years B.P. Subsequent 
osteological analysis suggests the cat (Felis silvestris cf. lybica) was about 8-months-old. As 
wildcat were not indigenous to the island it seems that cats were deliberately introduced, 
probably around the start of farming, to deal with rodents. These may represent the earliest 
domesticated cats, and pre-date those from Egypt where cat domestication is often considered to 
have begun (Vigne et al. 2004, 259). 
 
Figure 6.19: A fisher 
(Martes pennanti), a 
North American medium-
sized weasel-like animal 
that was trapped for its 
thick fur (U.S. Fish and 
Wildlife Service 2004). 
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Figure 6.20: The burial of a cat near a human at the Neolithic site of Shillourokambos (Cyprus), 
along with other grave goods (Vigne et al. 2004, Fig.1). 
 
 The same authors suggest that cats may have held a special status in the Middle East. 
Apart from the burial, feline figurines made of stone or clay have been recovered from Turkey, 
Israel, and Syria, and a sculpted head made from serpentine found at Shillourokambos from 9
th
 
millennium B.C. is thought to depict an animal or a human-feline hybrid (Figure 6.21) and is 
suggested as being linked to the ideology or mythology of the people there (Guilaine 2001). 
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Figure 6.21: Sculpted serpentine head from Shillourokambos, which may represent a cat-
human hybrid or an animal (Guilaine 2001, Figs.1 and 2). 
 
Canidae: 
Fox 
The implication that foxes had special meanings for prehistoric peoples was not merely 
restricted to France and Europe. Archaeological, ethnographic, and morphometric analysis of 
island fox (Urocyon litteralis) remains in the Channel Islands (off California, North America) 
show that this species was deliberately introduced from the mainland by Native Americans. At 
least 39 island foxes were found intentionally buried on these islands, with some on the 
Northern Channel Islands associated with human burials (Collins 1991a, 71). The most 
significant were seven human-fox associated burials on Santa Cruz Island. These included a fox 
skull situated between an adult woman and man at pelvis height, a child burial with two 
associated fox skulls, and a complete fox skeleton accompanying the human remains in another 
grave. The foxes were seemingly assigned some ceremonial or religious significance by the 
Chumash that warranted them being give extraordinary mortuary treatment, so were deliberately 
introduced by the Island Chumash for ceremonial customs or ritual purposes. This included the 
ceremonial Island Fox Dance and serving as totems, characters, and dream-helpers in their 
legends; it is even suggested that they were imported as pets but later became feral (Collins 
1991b). 
 Conversely, the whole or partial remains of 20 island foxes on San Nicolas Island with 
skinning marks suggest that the Gabrielino (Nicoleño) Indians there only exploited foxes for 
their pelts, so warranting no special burial practice. A further variation was seen on San 
Clemente where fox remains were found in more ritualised contexts, though not associated with 
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human burials. A total of ten burials of solitary foxes were found, with nine of these exhibiting 
the same pattern of deposition. Each was placed in a vertical position on its back in its own 
grave pit, and folded so the head was near the tail (Figure 6.22). At the Eel Point Site two fox 
cubs were buried with beads and haematite and considered ritual offerings, while another cub 
recovered from the Lemon Tank site had been buried with 22 beads, bowl, pendant, drilled 
abalone shell, and a scraper. Along with other such burials this was considered associated with 
‘…canid killing or mourning ceremonies…’ or acting as spirit helpers (Collins 1991a, 72).  
 
 
Figure 6.22: Ritual fox burial from the Lemon Tank Site (San Clemente Island, California), 
deposited in the typical folded head to tail orientation (Collins 1991b, Fig.2, from Salls and Hale 
1991). 
 
Coyote 
As with badger and bear, coyote (Canis latrans) were apparently considered special animals by 
the people of Central Valley, California. Coyote have been interpreted as an ‘important lineage 
totem’, making eating its meat taboo, especially by members of the Coyote lineages; it is even 
suggested that they were kept as pets. This special status also meant that after death they would 
have been afforded special treatment and mortuary rites (Heizer and Hewes 1940, 597). In 13 
coyote burials four were lacking their hindquarters, while two animals were buried together, 
covered with ‘banjo-shaped abalone shells’. The younger animal was complete while the older 
one lacked its hindquarters. Both were buried surrounded by a layer of gravel and sand at a 
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depth of 54 inches from the surface, positioned on their left sides with their skulls to the south 
and backs to the east (Heizer and Hewes 1940, 589). The precision in the burial and the fact that 
other coyotes were buried with artefacts like spear-points and clam shells bears testament to 
their tribal importance. 
 
Dog 
Examining all the ritual uses of dogs is a vast subject, and as this research focus is mainly wild 
animals only brief mention will be made here, with a few examples. There are numerous 
examples of dog burials throughout the world (Figure 6.23), though mostly prehistoric in nature 
(Morey 2006). 
 
 
Figure 6.23: Map showing the locations of some of the documented dog burials that have been 
found, indicating that, except for Antarctica, the practice was almost worldwide (Morey 2006, 
Fig.1). 
 
 In Eurasia the intentional burial of dogs first appears during the late Pleistocene. Recent 
work at Siberia has found evidence of 7000 year old canid burials, of which one was a dog 
(Figure 6.24) and the other a wolf, at the cemeteries of Shamanka II and Lokomotiv-Raisovet. 
The authors suggest that dog was used as a beast of burden but fed a diet similar to the human 
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occupants of the site, while the wolf could represent a more symbolic connection. It only seems 
linked to humans in death, and was buried with a human head. However, not all dogs appeared 
to be treated identically and canid remains were found at habitation sites, while others were 
modified into implements or ornaments and found in human graves (Losey et al. 2011, 174). 
 
 
Figure 6.24 Large canid/wolf burial at Lokomotiv (Siberia), with a central human skull. The 
dotted line indicates where red ochre was deposited (Losey et al. 2011, Fig.4). 
 
 At Ein Mallaha (Israel), a 12,000-year-old Epipalaeolithic tomb was found containing a 
burial of an elderly human with a 3-5 month-old dog or wolf puppy (Figure 6.25). Despite 
damage to the pelvis and skull the individual was thought to be female, buried with her left hand 
positioned on the puppy’s thorax. This and other finds of canid bones (Davis and Valla 1978, 
608-609), including a burial in Hayonim Cave (Israel) of a man with two adult dogs (Clutton-
Brock 1995, 12), suggests some form of canid-human interaction that surpassed purely 
gastronomic appeal (Davis and Valla 1978, 609). 
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Figure 6.25: Tomb at Ein Mallaha (Israel) containing a female human skeleton with its left hand on 
the thorax of a dog or wolf puppy (Davis and Valla 1978). 
 
 In Europe, the Mesolithic cemeteries at Skateholm (Sweden) include dogs among their 
buried occupants; Skateholm I comprised 63 humans and nine dogs, while Skateholm II 
included 22 humans and four or five dogs. The dogs were either co-interred with humans or in 
graves alone, even with associated goods such as flint tools, red ochre, and red deer antler 
(Fahlander 2008, 34), with one of the ‘richest’ burials seemingly that of a dog (Larsson 1988, 
23, cited by Fahlander 2008, 36). Following cluster analysis, a particular association was noted 
between the burials of children less than eight years-of-age and dogs in the southern, western 
and eastern areas of Skateholm I, while in Skateholm II dogs seem located in the western and 
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eastern cemetery boundaries, and children in the north and southern boundaries. Interpretation 
of the dogs’ inclusion have variously ranged from their role as symbolic guard dogs for 
protection, shamans or shape-shifters, or in place of people lost at sea (Fahlander 2008, 36). 
 Elsewhere, the largest dog cemeteries include Yin (China) (3360-3100 B.P.), where 
over 400 dogs were interred, and Ashkelon cemetery (Israel, Persian era, 2500-2200 B.P) 
containing over 1,000 dogs, most of which were puppies (Figure 6.26). Despite this unlikely 
demography, there was no clear evidence of human-inflicted injury so thought to result from 
their increased susceptibility to accidents or disease. Conversely, a large number of puppies in a 
Hittite cemetery (Anatolia) was linked to religious or symbolic factors (Morey 2006, 161). 
 
 
Figure 6.26: The cemetery at Ashkelon (Israel), where over 1,000 dogs, mostly puppies, were 
buried. There is no bone evidence for deliberate injury inflicted by humans (Morey 2006, Fig.2). 
 
 In North America there is evidence to suggest ritualised burial of dogs in prehistory, 
though they were also known to have been used as food sometimes. The burials seemingly fall 
into two categories; smaller dogs were interred whole in oval pits, while for larger dogs the head 
alone was deposited in a shallow, circular pit. One such example was found at the Late Archaic 
site of Costello-King (southern Arizona) where the cranium of a large dog skull was buried, 
which dated to 2600 ±50 B.P. Examination of the remains indicated that the head had been 
violently severed from the body by sawing side-to-side with a stone tool, resulting in cranial 
fractures and damage to the occipital region. The fact that no postcranial elements were found 
and numerous teeth were missing from the skull has led the excavator to suggest that the head 
served some special use before its final interment. Other similar canid burials have since been 
found at sites in the same area (Ezzo and Stiner 2000, 299; 301). In later periods dogs have been 
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found deposited in kiva, such as at Mancos Canyon (Colorado) where an Anasazi Culture dog 
dated to A.D.900-975 was buried above the kiva firepit (Figure 6.27) and covered with a large 
sandstone slab. Both this burial and the deposition of a number of dogs and young turkeys on 
the floor of a structure just prior to its abandonment again suggests they fulfilled a ceremonial 
or ritual role (Emslie 1978, 178-179). 
 
 
Figure 6.27: Dog buried at Mancos Canyon (Site 5MTUMR 2559) within a kiva. Its deposition 
above a firepit and stone slab covering is seen as significant (Emslie 1978, Fig.5). 
 
6.3 Totemism and Shamanism/Folklore 
Europe: 
Various authors suggest that animal totemism has been indicated for a number of species, 
including beaver, bear, elk, grass snake, and whooper swan. This is not limited to the prehistoric 
period as such totemism is also recorded on historic sites in northern Europe (Mannermaa 2008, 
216). 
 
North America: 
There is ethnohistoric evidence for the totemic use of small animals. Within the religious or 
cosmological view of the Hopi from the American Southwest is the belief that two worlds co-
exist, namely a complex mix of the temporal world, which consists of material, tangible things, 
and the spiritual world of ‘katsina’ spirits; with the latter being the most powerful and 
influential. These are set within a cyclical concept of time in which annual ceremonies are 
deemed necessary to ensure its continued birth and renewal. These spirit beings are variously 
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manifest as forces of nature, geographical places, plants, insects, and animals that include 
antelope, bear, mountain sheep, eagle, wolf, and badger, though the katsinas may be changed 
over time. Each katsina fulfils a different role. For example, the Badger is believed to be able to 
cure illness or disease, such as arthritis, rheumatism and snake bites, due to his proximity and 
association with plants and roots. In addition the tribe is composed of clans, such as Coyote, 
Wolf and Badger, called ‘Isau wu’, ‘Kweo’ and ‘Honan’ respectively in Hopi. As with the 
Badger katsina, those in the Badger Clan (Honanyomu) also have curing powers (Bahti 1985, 
4). Rabbit is equally prominent in Hopi folklore and legends, with rabbit hunts considered 
important social events that had religious aspects. Rabbit was thought related to antelope and 
deer because of its loping gait, speed, and tendency to circle back, and as such received a sign of 
respect or ceremony after being killed. In antelope this comprised a prayer of thanks or blessing, 
with the animal covered by a white blanket (‘manta’) and smoke blown over it. However, unlike 
Antelope or Badger, Rabbit has no katsina representation, though the people of its clan were 
once given the role of guardians to protect the village against outsiders (Kabotie 1949, cited in 
Bahti 1985, 10). 
 The Innu of Labrador and Eastern Quebec (Canada) divide the animal world into wild 
(Innu) and domestic (European) species. These are further divided into animal kingdoms with 
each given a spirit master, though these vary between Innu communities. For example, La 
Romaine Innu have spirit masters for large mammals such as caribou, and spirit masters for 
smaller species including Kakuapeu, (master of porcupine), Atshikash-napeu (master of mink), 
Uapishtan-nipau (master of marten), and Amishkuapeu (master of beaver) (Armitage 1992, 70). 
Conversely, Innu in Schefferville divide animals into four groups, each controlled by a master. 
These include Missinak (master of aquatic species, including beaver, otter, muskrat, seal, fish, 
amphibians, and migratory waterbirds), Mashk (master of bear, skunk, marmot), Uhuapeu 
(master of porcupine, hare), and Memekueshishkueu (a female fox who is master of fox, wolves, 
mink, marten, wolverine, squirrel, weasel, lynx) (Armitage 1992, 72-73). It is these masters that 
are believed to control what game is given to a hunter and family, with animals not given 
without their agreement. In return the hunter has to obey certain rules to respect the animal 
masters, which includes wearing decorated clothes for hunting but often relates to the treatment 
and disposal of killed prey, so that stock will be replenished. Rules include disposing of bones 
by placing them in streams, lakes, or trees, or on scaffolds, not feeding them to dogs, eating fat 
from caribou long-bones, and throwing left-overs and animal fat into the fire. Some rules are 
specific to smaller species. Remains of beaver have to be placed on a scaffold or in water, as it 
is believed that without this ritual water levels would rise to find the bones. The tendons of 
marten and mink connecting the feet to the radius, ulna, tibia and fibula are cut by some La 
Romaine Innu, before the skinned carcase is placed on the scaffold. Finally, fur-bearing species 
are not left too long in traps out of respect, but also, more prosaically, because of being attacked 
by scavengers (Armitage 1992, 78-80).  
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 The Kwakiutl (Vancouver Island) had their own totemic beliefs in their animal-human 
relationship, viewing their utilisation of animals for meat or fur as more of an exchange system 
than a predatory one; a reciprocal pact whereby each sustained each other. As such they 
considered that “…smaller animals like beaver, mink, otter, marten, and fur seals ‘donated’ their 
skins for clothing and blankets…” (Shore 1996, 190). 
 
6.4 Ritual and superstition 
North America:  
The Iroquois believed that porcupine (Erethizon dorsalis) had special powers, so was sometimes 
called ‘witch’. They were thought to bring news, so should be left unmolested if found prowling 
round a hunter’s camp. Waugh (1916, 132) records that a Seneca informant “…once shot one 
and afterward found out that a relative had died about that time…”. Another animal to avoid 
handling without killing it was a star-nosed mole (Condylura cristata); unless the hands were 
washed immediately afterwards the handler would suffer headache and nosebleed. 
 More unusual are ground stone fetishes, which are stone objects that represent the spirit 
of the animal thought to reside in the stone, probably from its shape, or the forces of nature. 
These stones are either naturally-shaped or deliberately hand-carved to resemble a creature. 
Examples include a rabbit’s head, found at Great Bend Aspect (Kansas), which had been 
deliberately carved (Figure 6.28) (Blakeslee 2008).  
 
 
Figure 6.28: Ground stone effigy or fetish, deliberately carved into the shape of a rabbit’s head 
(Blakeslee 2008, Image: Kansas State Historical Society). 
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 Various tribes make fetishes, but those of the Zuni are best known. They could be used 
by individuals or the whole tribe, and had different uses; including during initiation, for 
protection, diagnosis or curing of illness, fertility and propagation purposes. They were used for 
luck when hunting, when ”… arrowheads were placed on the stones with a prayer that the 
hunter's arrow would find its mark and in gratitude for the animal giving its life for the 
sustenance of the hunter and his family…” (Riggs 2009). 
 Each animal had its own meaning. Examination of modern sources shows that 
rabbits “…are usually the dinner of predators so they are often associated with 
facing fears and the avoidance of making them our reality. Due to their reputation 
for abundant reproduction they are also associated with birthing and fertility…” 
(Riggs 2009, from a Zuni site, though rabbit is not a traditional Zuni animal). 
Another source records that rabbit “…represents gentleness, charm, and 
awareness of others. Rabbit is the special guardian of women in childbirth and is 
associated with safe childbirth and a long life for children. He also represents 
virtue and serenity…” (Sacred Bear Jewelry 2012). 
 
South America:  
Excavation at the historic (c.A.D.1480-1540) Inca site of Lo Demás (Lima, Peru) uncovered 
evidence for guinea pig (Cavia porcellus) utilisation, including bones with cut-marks, faeces, 
and the mummified remains of five neonatal or young animals. The circumstance of their 
deposition was interpreted as ritual use by the excavators as several had been buried in shallow 
pits beneath middens, and one that was better preserved had seemingly been sacrificed by 
having its stomach slit longitudinally (Figure 6.29).  
 The fifth guinea pig was recovered from a child’s burial, along with a broken figurine, 
gourd bowls containing food, and a spoutless blackware bottle. The animal had had its throat cut 
and been placed under the mat on which the child was buried (Sandweiss and Wing 1997, 52). 
This was not an isolated incident, as similarly treated remains have been found at Cahuachi, 
which pre-dates Lo Demás by 1,000 years, suggesting a long-standing, established tradition. 
The reason for this treatment of young, often newborn, animals has variously been interpreted 
as being to appease the gods, accompany the dead, as a means of diagnosing illness, or divining 
the future (Sandweiss and Wing 1997, 54-55). Gade (1967, 217) mentions such divination by 
Incan haruspices (cuyricucc), citing Polo de Ondegardo (1916, 37) who apparently described 
how they used their fingernails to slice open the unfortunate animal, then foretold the future 
from its entrails. Gade (1967, 217) also refers to a report by Guamán Poma de Ayala (1956, 
174) that mentions the ritual sacrifice of 1,000 white guinea pigs and 100 black llamas in the 
public square at Cuzco in order to ensure a good harvest by placating the gods.  
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Figure 6.29: Mummified remains of a guinea pig from Lo Demás, with its stomach slit 
(Sandweiss and Wing 1997, Fig.3). 
 
Asia: 
Superstitions are often culture-specific and so subject to regional and temporal variation, even 
within the same country or period in time. For example, the Yerukulas (India) consider it lucky 
to encounter a fox while on the way to hunting. Not only may they acquire the fox’s qualities of 
being shrewd and cunning, but the hunt will also be successful (Murty 1985, 12). Conversely, 
for many of the primitive tribes in the Central and Eastern areas of India in the modern states of 
Gujarat, Rajasthan, Maharashtra, and Madhya Pradesh, the fox is considered a tribal enemy as it 
is thought to destroy standing crops. Moreover, it is deemed both cunning and timid, due to its 
fear of humankind (Bhuriya 1985, 8). Killing a domestic cat is taboo in southeast India, and 
considered a sin and harmful; to ward off harm the person who killed the cat cuts off part of the 
animal’s ear and eats it! Others consider it obligatory to give a gold cat figurine to a Brahmin as 
a gift (Murty 1985, 11). Conversely, tribes of central and western India consider cat is a symbol 
of witchcraft and enmity so kept away from the sick in case it compromises curing the person, 
as well as a symbol of cowardliness and cunning. As such it is the least respected of animals 
(Bhuriya 1985). Yet among the Bhils the cat is considered a totem animal (Bhuriya 1985, citing 
Ferreira 1965, 158).  
 There is also evidence for sympathetic magic. Itinerant beggars in the coastal area of 
Southeast India use part of a hyena’s rib as a charm, believing that when the rib is held in their 
armpit while eating it enables them to eat much more than usual, perhaps double or triple the 
amount. This is particularly useful to them when the chance to eat is often infrequent and they 
resort to scavenging from larger carcases, such as dead donkey or hyena; at such times they eat 
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as much as possible. Eating a small piece of hyena meat before a meal is believed to have a 
similar effect (Murty 1985). 
 
6.4.1 Divination 
A more unusual usage of small (or large) mammals is for divination. Foretelling the future from 
cavy entrails was mentioned previously, but divination was also employed to determine hunting 
information, such as the direction to go to find game or whether the proposed hunt would be 
successful. The Innu of Eastern Quebec and Labrador, and Naskapi practised scapulimancy 
using a porcupine or caribou scapula (Figure 6.30) for the same reasons. This would be held 
over a candle or stove fire by its proximal end and the pattern of charring and cracks observed. 
Other techniques include using fish mandibles as oracles (Armitage 1992, 82), divination using 
burned beaver tibia or pelvis, otter paws, or woodchuck skulls which were tossed-up into the air 
during the process (Speck 1977, 76). 
 
 
 
 The Cree of North America practice scapulimancy likewise, as a decision-making 
device when hunting to indicate potential success or the direction of game. This again involves 
burning a flat bone (such as hare or porcupine scapula) in a fire, and then interpreting the 
resultant cracks, burns and marks appearing on the bone (often produced by leaking bone fat). 
Figure 6.30: Examples of Innu scapulimancy: 
1. Boat-shaped mark taken to mean good hunting. 
2. Mark resembling a caribou leg, taken to mean that the 
animals were nearby. 
3. Heart-shaped mark taken to show that more porcupines 
would be caught when hunting. 
4. Marks on a burnt porcupine scapulae interpreted as 
showing hunters which route should be taken from 
the village to kill game (Armitage 1992, Plate 1, 83). 
1. 
3. 
2. 
4. 
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However, hunting decisions also incorporated careful planning and more mundane ‘external‘ 
information like local knowledge, so divining results are not necessarily followed (Mithen 1990, 
78). If the same tribe find a porcupine’s intestine with a “peculiar appendage” that appendage is 
made into an item shaped as a miniature fat container, which is then filled with fat from the 
animal’s intestine. There will be a bend in the sac and the shape of this determines which animal 
species is to be killed (Tanner 1979a, cited by Mithen 1990, 77).  
 
6.4.2 Hunting Magic 
North America: 
There is evidence for the Canadian Inuit and Arctic hunters of Alaska and Chukotka using 
Arctic fox teeth and dog skulls as amulets, to enable hunters to negotiate their relationship with 
the animals, while other activities included making bone caches of selected elements from prey 
animals. Excavation of cemeteries at Chukotka and Alaska (Ipiutak) revealed skulls from dogs, 
birds, walrus, and seals included with the inhumation burials, while skulls from Arctic foxes, 
dogs, wolves, and birds (especially raptors, ravens, gulls and terns) seemingly “…appeared to 
function by either invoking the spirit of an animal and summoning it to the hunter…or by 
invoking a characteristic ability or behaviour of an animal…” (Hill 2011, 412-413).  
 The use of ‘sympathetic magic’ is recorded by the Iroquois; with warriors eating turtle 
meat as they believed it made them harder to kill (Waugh 1916, 132). The Iroquois (New York) 
of the Early Historic period ate dog flesh at special and ritual ceremonies, with dog feasts held 
as offerings to "Aireskoui" the Sun (also the ‘demon’ or god of war) to ensure success during 
hunting and war, help the sick recover, and assist in dream interpretation. During the Mid-
Winter Festival, a white dog was ritually burned; a practice that continued into the 20
th
 century 
(Waugh 1916, 133). The Iroquois and other tribes believed that throwing bones to their dogs 
would cause non-success when hunting, and that when animals like muskrat or mink had been 
skinned after trapping their carcase should not be thrown onto the ground. This action was 
believed to offend the animals so they would not allow themselves to be caught in the future. 
Instead, the bodies could be placed in a small tree, in the fork of its branches or trunk (Waugh 
1916, 131). 
 
Africa: 
In Congo, it is thought that otters are magical, possessing special powers so that when someone 
catches an otter, skins it and then wears the fur this renders them invisible to their enemy. This 
superstition arose because it was believed that otters are able to escape from fish traps (Wildlife 
Extra News 2008). In Nigeria, dogs are variously used as food, as sacrificial animals, and in 
magic-medicine (Ojaoade 1985). 
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6.5 Discussion 
The above examples illustrate the variety of meanings that different animals had to different 
peoples, but the problem, archaeologically, is accurately identifying and separating the mundane 
from the ideological, and interpreting ‘unusual’ deposits, with the term ‘ritual’ too often applied 
as a ‘catch all’ for unexplained, ambiguous deposits. Conversely, the porcupine scapulae 
employed by the Innu for their scapulimancy practices could easily be m recorded as ‘burnt 
bone’ if found archaeologically, and just identified to element and species, missing the wider 
use they fulfilled. One wonders how many such artefacts have been overlooked due to a lack of 
knowledge of specific cultural practices? Consequently, when bones are not recognised as 
something more than dietary discard the reasoning behind such actions is missed, with a 
resultant failure to correctly contextualise the remains. There is no easy solution as inter-cultural 
variation is extremely likely, though comparison with ethnographic practices can hint at their 
potential use in a non-secular context. 
 
6.6 Conclusion 
This chapter clearly demonstrates that small mammals fulfilled roles beyond their use merely 
for food and raw materials, and that for various cultures they played an important role within the 
community’s ideological, religious, spiritual philosophies. The examples demonstrate that 
beliefs were not restricted to a single species, with both spatial and temporal variation in the 
animals employed and their practical and conceptual roles. Furthermore, there may even have 
been specific rituals or ceremonies associated with dispatching the animal and/or its 
incorporation or transition to its symbolic or spiritual ‘form’ in order to fulfil the required 
symbolic or ideological functions. The problem, from a archaeological perspective, is 
determining exactly what it means or why it was done. 
 
 Having considered various archaeological and ethnographic aspects of small mammal 
exploitation in order to contextualise this subject, the next section describes the primary 
research undertaken for this thesis. The first three chapters examine the ‘chaîne opératoire’ of 
small mammal use, and describe a series of research experiments carried out to add to the 
existing knowledge and understanding of the practical aspects of it. These results are 
subsequently put into context by comparing them with bones from several archaeological 
assemblages, from both Britain and North America. 
 The next chapter therefore considers the first stage of this chaîne opératoire, and 
examines the possible osteological effects and evidence caused by hunting. While Chapter 3 
considered the ethnographic evidence for the range of hunting and trapping methods potentially 
associated with acquiring small game, this next chapter specifically focuses on the use of 
projectiles for hunting them. 
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SECTION III: FROM HUNTING TO CONSUMPTION, AND 
BEYOND: USING ACTUALISTIC STUDIES AND 
OSTEOLOGICAL ANALYSIS TO INVESTIGATE 
ANTHROPOGENIC BONE MODIFICATION AND 
FRACTURES IN SMALL MAMMALS. 
 
 
 
 
Chapter 7: Experiments into the osteological effects of hunting small game 
 
 
Chapter 8: Experiments into disarticulation and dismemberment: Carcase 
processing, and avulsion fractures as a potential anthropic indicator 
 
 
 
Chapter 9: Experiments into cooking, consumption and beyond 
 
 
 
Chapter 10: Analysis of case study archaeological assemblages  
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CHAPTER 7 
 
 
EXPERIMENTS INTO THE OSTEOLOGICAL EFFECTS 
OF HUNTING SMALL GAME  
 
The previous chapters described bone modification produced by various taphonomic factors, 
and examined ethnographic and archaeological sources to provide background information 
about methods potentially employed by prehistoric humans to acquire and utilise small 
mammals, and explain why small game should be considered a viable dietary choice or source 
of raw materials. But for archaeologists a key factor is accurately identifying when such 
exploitation has occurred from recovered bone material. What is needed, therefore, is a reliable 
means of identifying utilisation of smaller species from surviving bones that were modified 
during human activities. This ideally should be ‘low-tech’ to enable its use by a wider audience 
and reduce analysis costs. The research here addresses this problem, describing experiments 
undertaken to account for bone breakage or modification (chapters 7 to 9), then examining 
leporid bones from four assemblages (chapter 10), and subsequently comparing them with the 
experiment findings. 
 The whole process of human-prey interaction and utilisation of small game may be 
viewed as a ‘chaîne opératoire’, which begins with acquisition, extends through processing, 
cooking, and consumption to discard. This chapter and the following two chapters examine this 
process, specifically within the context of the osteological effects of these stages on small 
mammal bones to further elucidate the changes arising from certain anthropogenic practices. 
This first section of the chaîne opératoire concerns the effects of prey acquisition. It briefly 
examines the effects of modern hunting methods on rabbit bones, then records experiments into 
the effects of more ‘primitive’ or ‘traditional’ hunting equipment, namely projectile points. 
 Rabbit was used for the experimental aspects of this research because it was most 
readily available. It serves as a proxy for small mammals generally, although it is acknowledged 
that inter-species anatomical variation could affect the methods of acquisition and carcase 
treatment, and exploitation purposes may also have differed, with a corresponding effect on 
resultant bone fractures. 
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7.1 Bone modification in smaller mammals caused by modern hunting 
To provide a broader overview of potential bone modification this section records observation 
and anecdotal evidence of modern practices, as some actions can leave visible traces on small 
mammal bones. These include the use of firearms and more traditional field practices often 
adopted by hunters, such as the initial treatment of the carcase to prevent meat spoiling and 
discard of parts not usually consumed within local culture or required for utilisation. 
 
7.1.1 Effects of modern hunting methods 
Radiography clearly shows the effects of modern hunting methods using airgun pellets fired at 
high-speed, and the resultant bone fractures produced by the impact of such weaponry on a 
small animal (Figures 7.1 and 7.2). The degree of damage from such weapons depends on tissue 
density and elasticity, as well as kinetic energy of the projectile (DiGiacomo and Reilly 2002, 
10), and the site of impact is also undoubtedly critical. The author’s experience as a veterinary 
radiographer in London revealed that domestic species like cats were frequently used as target 
practice for unscrupulous ‘hunters’ with airguns, though the results were fortunately not always 
fatal. 
    
Figure 7.1: The right forelimb of a rabbit (lateral, antero-posterior and postero-anterior views). 
The white spots are lead shot, and the severely fractured humerus is evident of the trauma 
inflicted by the shot impacting on the bone (Radiograph: Author). 
Fractured 
humerus 
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Figure 7.2: The effect of shot on a rabbit’s pelvis. Entry (left) and exit (right) side. 
 
7.1.2 Carcase transportation 
Due to taphonomic effects it is rarely possible to identify transportation patterns, but 
occasionally clues survive. The relative abundance of rabbit skeletal elements at Picareiro Cave 
(Portugal) was interpreted by Hockett and Bicho (2000) as indicating that rabbit carcases were 
transported whole to the cave for processing and eating, rather than being skinned and gutted (or 
filleted) at the capture/kill site with the phalanges and metapodia discarded at this time. 
 Anecdotal evidence of modern hunters’ practices suggests that most gut rabbits at the 
kill-site, and often remove the head and feet by cutting and/or breaking the leg bones, before 
transporting the animal back. One common practice to facilitate transporting dead rabbits and 
hares is to link the hindlegs by threading one leg through the other via the loose skin behind the 
distal tibia, anterior to the Achilles tendon (the area termed the ‘Gambrel space’ by Sykes 
(2007, 22)), which may result in fracturing (Figure 7.3) or fracture-dislocation of the leg, 
especially near the hock. 
 If the lower legs and/or feet are left on, these parts of the legs are normally cleaved 
through during skinning when preparing the animal for cooking as it is very time consuming 
(and fiddly) to carefully skin the feet as the bones are superficial to the overlying pelt. 
Moreover, the hide from these areas would have little practical use. In either scenario, the end 
results are fractures or evidence of chopping across the distal radius, ulna and/or tibia. Aside 
from these practices there is little modification of rabbit-sized animals in the field. Unlike large 
species there is no need to butcher the animal into smaller components to facilitate transporting 
or maximise meat recovery, though in modern times this is obviated by motorised vehicles, with 
ponies still used in the Scottish highlands for transporting larger game like red deer. 
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Figure 7.3: Radiograph of a rabbit’s hind limbs, showing a fracture to the tibia probably caused 
by forcibly threading one leg through another for transporting. Lead shot is visible (dense white 
spheres), but away from the fracture site (Radiograph: Author). 
 
7.2 Experiment into the effects of traditional hunting methods on small 
mammal bones 
Ethnographic and ethnohistoric sources illustrate methods used to acquired small mammals in 
recent times; including traps, snares, and weapons (see Chapter 3). European prehistoric hunters 
could have employed similar practices, producing bone damage in the prey, particularly to less 
robust elements. However, while some methods are unlikely to leave traces on bones, others 
sometimes leave a recognisable signature. Projectiles are one example of this; these are among 
the earliest hunting weapons and can leave tell-tale bone evidence.  
 The earliest evidence of thrown projectiles, such as spears, is seen in the Lower 
Palaeolithic, and the subsequent development of atlatls enabled darts (sagaies) to be propelled 
further. Using fired projectiles (arrows) is well-recognized and established from the Mesolithic 
onwards in Europe, with the widespread use of microliths, but evidence suggests that the initial 
use of fired projectiles using bows and arrows began in the Upper Palaeolithic (Bar-Yosef 2002, 
367), with microliths also used in the Magdalenian (Onoratini et al. 1996). However, there are 
geographical variations in when they were first used, and in KwaZulu-Natal (South Africa) it is 
suggested that their use might have begun as early as c.64,000 years ago (Lombard and 
Phillipson 2010). Bows can also be used to fire what could be termed ‘spears’, and arrows may 
be used as thrown (Webb 1991, 8) or thrust weapons, in the same way as spears. 
The fractured ends of the distal tibia 
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7.2.1 Fired projectiles 
It is suggested by Lambert (1997, cited by Smith, Brickley and Leach 2007, 541) there are three 
categories of projectile wound identifications. Namely, points embedded in bones, wound 
morphology defects on bones, and projectile point association, where they are found closely 
associated with buried remains, such as in the body cavity; the assumption being that they were 
embedded in the body at the time of burial. The focus here is on the former two categories.  
 While animal bones from archaeological deposits occasionally exhibit evidence of 
projectile use, those identified so far are mostly from large animals. Examples where lithic or 
bone points have been recovered with skeletal remains include a male elk from Poulton-le-Fylde 
(Lancashire), which was found with barbed bone points both in situ and associated with the 
skeleton (Hallam et al. 1973b). Researched examples of wound defects on bones include Noe-
Nygaard’s (1974) examination of weapon injuries on bones from wild boar, aurochsen (Figure 
7.4), red deer and roe deer during the Danish Mesolithic.  
 
 
Figure 7.4: Maglemosian period Bos primigenius scapulae from Grænge mose bog (Denmark), 
with fracture holes probably created by spears (Noe-Nygaard 1974, Plate 1c and d). 
 
 These injuries were caused by spears or arrows, but it is interesting to compare the 
shape of these rounded punctures in Bos primigenius scapulae with those on domestic cattle 
(Bos taurus) scapulae from later periods, particularly the Roman period. These have 
perforations in the scapula blades that are usually more irregular and elongated in shape, and 
have been attributed to ‘hook damage’ (Figure 7.5), and so thought to have been produced by 
the shoulder of meat being suspended on hooks for preserving, such as by smoking or curing 
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(Johnstone and Albarella 2002, 16). In some instances, such as the Roman material from Augst 
(Switzerland), scapulae treated this way often also had their acromion process removed (Schmid 
1972, 42-43). Therefore, while some holes in scapulae of large prehistoric mammals are most 
likely due to hunting with projectiles it is possible that some may result from processes 
pertaining to longer-term preservation of meat cuts, or even from impaling the remains on a 
nearby tree branch to facilitate butchery. 
 
7.2.1.1 Experiment rationale and aims 
Various researchers have engaged in actualistic studies, experimenting with firing, throwing or 
thrusting projectiles into animal carcases to investigate and replicate the effect of different 
weapons; and Dockall (1993) reviews the earlier evidence and experimental work. Studies 
conducted since then include Letourneux and Pétillon (2008) who explored the effects of bone 
points on deer and ox calves, while Churchill et al (2009) tried replica Mousterian and Levallois 
points on pig and goat carcases (Figure 7.6) to explain injuries on Neanderthal remains from 
Shanidar Cave. More recently, Pétillon et al. (2011) investigated the effect of Magdalenian 
composite projectile tips on young deer (Figure 7.7) to determine the resultant trauma produced. 
 
  
Figure 7.5: Cattle scapulae from the Romano-British site of Elms Farm (Heybridge, Essex) that 
have been ‘hook damaged’. This is thought to be caused by hanging the meat for preserving, 
such as by smoking or brining (Johnstone and Albarella 2002, Plate 1). 
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Figure 7.6: The effect of replica Mousterian and Levallois points on pig ribs, showing the type of 
lesion that such trauma may cause (Churchill et al. 2009, Fig.10). 
 
 
Figure 7.7: Left: Spear point embedded in deer thoracic vertebrae (arrowed). Right: The 
perforation canal produced by the point (arrowed) (Pétillon et al. 2011, Fig.11). 
 
 However, all previous experiments have concentrated on the effects on large animals 
and their bones, exploring aspects such as the feasibility or practicality of using various 
projectile technology and/or the resultant changes in lithic points from this activity. No one has 
yet examined the effect of different projectiles on small mammals and their bones. Odell and 
Cowan (1986) experimented with the effects of arrows and spears on dog carcases, but only to 
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examine the resultant damage to the stone points. Only Smith’s (2003) experiments on lamb 
(15.5kg carcases) using a wooden javelin are nearest in size to smaller fauna. He found that ribs 
suffered the most trauma regardless of whether the javelin was thrown or thrust (57% and 53% 
respectively), with the damage mainly located towards the distal epiphyses and producing a 
jagged ‘saw-toothed’ fracture (Figure 7.8a). Of the other bones, the scapulae were significantly 
damaged in several places (Figure 7.8c) while the only long bone to be broken was a humerus 
that sustained a spiral fracture (Figure 7.8b). 
 
 
 
 
a) 
b) 
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Figure 7.8: a) Fractured lamb rib with a saw-toothed edge from a thrown wooden javelin; b) 
Humerus with a spiral fracture from a thrown wooden javelin c) The effect of a wooden thrusting 
spear on a lamb’s scapula (Smith 2003, Fig.5;Fig.2;Fig.3). 
 
 The experiment undertaken here aimed to redress this imbalance and examine the effect 
of projectiles on small mammals, to determine whether their bones suffer similar types of 
fracture to those of larger mammals, the likely anatomical sites of such injuries and whether 
they correlate with previous experiments, and the nature of any other injury sustained. The 
resultant fractures or bone damage could then be compared with bones from archaeological 
sites. Little is known about hunting in prehistory in terms of how it was carried out, or by 
whom, and we can only rely on ethnography to suggest possible analogues to help interpret the 
archaeological evidence. The presence of lithic remnants in a Palaeolithic marmot scapula from 
Colomb Cave (France) (Figure 7.9) indicates that projectiles were used on animals of this size, 
although the context of such use is less clear. It may reflect the usual or accepted method of 
hunting them, or merely denotes an infrequent event. It is possible that an experienced hunter 
was responsible for this projectile, or it could represent the efforts of an inexperienced or young 
hunter, maybe still acquiring or honing the necessary hunting skills by practising on smaller 
(live or dead) animals. It is, after all, easier to deal with an angry injured small mammal than a 
large one several tons heavier with perhaps antlers or horns.  
 
c) 
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Figure 7.9: Scanning electron micrograph showing a fragment of lithic projectile embedded in 
the right scapula of a marmot from the Palaeolithic site of Colomb Cave (France) (Tomé 2005b, 
Fig.5). 
 
7.2.1.2 Method 
For the experiment, twenty-two arrows hafted with a range of organic or lithic points were fired 
into dead rabbits to examine the effect of different projectile points on small mammal bones. 
Dead rabbits were used to prevent unnecessary animal suffering, though hunting live animals 
with a bow and arrow is illegal in Britain (but not in places like the USA). European rabbit 
(Oryctolagus cuniculus) was used as a proxy for small mammals due to their availability, with 
one rabbit used for each projectile point type. Larger samples would of course be necessary to 
specifically identify exactly what effects each point type typically caused, but the aim here was 
to get an indication of the effects produced by different projectile points, plus there was also a 
limit to the sample size possible in this thesis. Chronologically and typologically different types  
of points were selected to determine whether there was variation in the resultant bone injuries, 
and whether the projectile material affected the type of fracture sustained. Ethnographic 
evidence shows that points can be made from a range of organic or inorganic materials, though 
research indicates there may be little advantage of using stone-tipped arrows over wooden-
tipped ones, and it is questioned whether choices derive more from socio-cultural and symbolic 
implications (Waguespack et al. 2009); consequently a range of points were used here. 
To ensure continuity, as many variables as possible were kept constant where feasible, 
with the same archers and bows used throughout the experiment, and a comparable firing 
distance used for all rabbits. The archery all took place on the same day, with the same weather 
and wind conditions. As with all experimental archaeology the research performed here had its 
limitations, but was successfully carried out relative to available materials, the archers’ time and 
skills. One major constraint was fitting in rabbit accessibility and the two (pre- and post-) 
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radiographic sessions with the availability of the archers, as it all had to be compacted into as 
short a time as possible to limit decomposition of the rabbits, as this could affect fracture 
characteristics and the post-experiment radiograph.  
 
7.2.1.3 Experiment 
The arrow points used for this experiment consisted of: 
a) Organic points 
Archaeological evidence of artefacts recovered from prehistoric sites show that projectile points 
were made from a range of organic materials and in a variety of forms, so the points used 
reflected this variation (Figure 7.10) and comprised: 
1. Wooden points, made from hazel (Corylus avellana): 
a. Blunt (as used for hunting birds. The blunting prevents damage to feathers, and 
would similarly prevent damaging valued fur pelts). 
b. Pointed, cylindrical 
2. Antler points, made from roe deer (Capreolus capreolus) antler: 
c. Harpoon: uniserial barbed 
d. Pointed, cylindrical (made from tines) 
3. Bone points, made from roe deer (Capreolus capreolus) metatarsals: 
e. Pointed, flat 
 
 
Figure 7.10: The five types of organic points used in the experiment, made from wood (a and b), 
antler (c and d) and bone (e). 
 
1 cm 
a) e) d) c) b) 
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b) Lithic points  
Three different lithic point types were used, which chronologically covered the Upper 
Palaeolithic through to the late Neolithic/Beaker period (Figure 7.11). The lithic points knapped 
were based upon: 
a. Obliquely-truncated microliths (Early Mesolithic) 
b. Leaf-shaped arrowheads (Neolithic) 
c. Barbed-and-tanged arrowheads (late Neolithic/Beaker/Early Bronze Age) 
 
 
Figure 7.11: The three types of lithic points used in the experiment: a) Obliquely-truncated 
microlith b) Leaf arrowhead c) Barbed-and-tanged arrowhead. 
 
Two arrow points were made for each organic type, while four points were made for 
each of the different lithic technologies. These latter were manufactured from chert collected off 
Devon’s south coast, with most made by an experienced knapper. Modern, commercially-made 
29” Armex arrows were used for the experiments as the intention was to investigate the effect of 
different projectiles on small mammal bones rather than the archery technique associated with 
their use, and ensured a degree of continuity. The length selected was appropriate for the archers 
firing the arrows, an important consideration as “…an over-long arrow will fly erratically, too 
short an arrow is dangerous as it can come inside the bow and shatter…” (Greenland 2001, 19).  
 To haft the points, the modern metal tips were sawn off the arrows, and notches cut into 
the end of the shaft for the new points so that the arrow tip was roughly vertical when the arrow 
was placed in the bowstring. The wooden point end of the arrow shaft was also chamfered and 
tapered to maintain its aero-dynamic properties. The prepared points were hafted into the 
notched arrow shafts using Araldite® glue, and secured with either strong thread or dried deer 
a) b) c) 
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backstrap sinew that had first been chewed to soften it. The projectile points were photographed 
microscopically before the experiment, to enable comparison after shooting, and these too were 
numbered, with the number recorded in two places on the arrow shaft. 
 For the experiment the arrows were fired by two experienced archers, one firing a yew 
(Taxus sp.) longbow with a 40lb draw weight, and the other firing a replica composite Hunnish 
recurve bow with a 60lb draw weight (Figure 7.12), made from various materials, including 
laminated wood, leather, sinew, horn, and fibreglass (Grózer Traditional Recurve Bows 2002). 
 
            
 
The rabbits used for the experiment were acquired from two local butchers, and had 
been shot by professional stalkers using rifles. The animals selected had reportedly been killed 
by a single shot to the head, so sustained minimal damage to the thorax and remaining 
postcranial skeleton that could be confused with subsequent arrow damage. All were gutted 
soon after death, but were otherwise left intact with their heads, paws, and fur. Prior to the 
Figure 7.12: The types of bows 
used for the experiment: 
 
Left: Longbow made of yew (Sylvan 
Archery). 
 
Right: Replica Hunnish composite 
recurve bow made of traditional 
materials (Grózer Traditional 
Recurve Bows 2002). 
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experiment each rabbit was radiographed (using right and left lateral images of the whole 
animal) to identify any pre-existing fractures or damage from being shot (Appendix E), though 
rigor mortis precluded technically accurate radiographic positioning. All rabbits were numbered 
and bagged separately to avoid confusion.  
 The experiment was conducted in a quiet, empty field away from people, with the 
rabbits supported off the ground on a small box (as the field was muddy and waterlogged, and 
the rabbits were intended for consumption afterwards). A larger empty cardboard box was 
placed behind them to catch any arrows that missed the target and so reduce point degradation 
by preventing them from hitting hard objects, like stones, in the field. The organic points were 
fired by both archers, while the lithic points were only fired by the archer with the longbow as 
the other archer was unavailable at that time. A distance of about five metres (Figure 7.13) was 
mainly used; this was chosen to improve the chances of hitting the rabbits in the thoracic region, 
which (based on the damaged deer scapulae) would have been within the target area if hunted 
this way in prehistory. This distance could feasibly have been used for shooting rabbits if they 
were stalked first, or if corralled in a net. To compensate for this reduced distance, the arrows 
were fired at half-draw.  
 
                                       
Figure 7.13: Yew longbow being fired at half-draw for the experiment, due to the shorter 
distance used. The rabbit was positioned off the photograph to the left. 
 
During the archery, notes were made regarding which point was used on which rabbit, 
and the results recorded onto pro-forma diagrams. The perceived site of each hit was noted, and 
whether the arrows were impaled in the rabbits or ‘bounced off’. There was no limit to the 
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number of shots for each arrow, with each one fired until it was thought to have hit the rabbit 
adequately enough to have been a fatal shot had the animal been alive, or the arrow broke. For 
the organic points, of which there was two of each, both points were fired at both sides of the 
rabbit, but for the lithic points, where there was four of each, two were used per side. 
 Following the experiment, the projectile points were re-photographed microscopically 
for comparison with the pre-experiment images to determine whether any had been damaged 
during shooting and the nature of it (Appendix F). Post-experiment radiographs were taken of 
the rabbits (right and left lateral images as previously) for comparison with those taken 
beforehand (Appendix E), to identify the nature and position of any resultant fractures before 
the rabbits were skeletonised. The rabbits were then skinned, and the carcases and pelts 
examined to see whether arrow damage correlated with the perceived results recorded during 
shooting and all amendments noted. After shooting, the rabbits were carefully stripped of meat 
and skeletonised by maceration. All bones were examined macro- and microscopically for any 
modification, with all damage recorded. 
 
7.2.1.4 Results 
The results are now described in terms of archery (7.2.1.4.1), with an outline of the sites of 
arrow strikes on rabbits (7.2.1.4.2), a brief note on the effect on the arrow points (7.2.1.4.2), 
(radiography (7.2.1.4.4), and the fractures sustained by the rabbit bones (7.2.1.5). (Appendix D 
systematically records each type of projectile point used, the rabbit hit sites, any damage to that 
point, and bone damage sustained in each case). 
 
7.2.1.4.1 Archery 
Despite the reduced distance and half-draw, the arrows impacted with some force and several 
broke when hitting the rabbits, boxes or ground around the target. A number of ‘good’ hits were 
made, with the arrows cleanly impaling the rabbits (Figure 7.14), while several others were on 
target, but bounced off either with or without penetrating the skin. In retrospect, it is thought 
that the arrows were inappropriate to use with the bow that had a 60lb draw-weight as it was too 
powerful for them, which is why a number broke upon impact (M. Oakley (archer) pers. comm). 
 The archers’ initial reaction to firing the different arrows was that both found them light 
compared to modern metal-tipped arrows. This resulted in the first few shots being slightly too 
high, though both soon adjusted to the lighter arrows. Both archers preferred using bone points 
to those made of wood, antler, and even most lithic points, with the obliquely-truncated 
microliths being the most preferred of those. The consensus was that both enjoyed shooting the 
variety of different arrows. 
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Figure 7.14: Rabbit pierced in the ribs by an arrow with an antler point. 
 
 A surprising find was that the bone points seemed more effective for piercing the 
rabbits’ skin than wood, antler, or even lithic points, which surprisingly often deflected off 
them. The leaf-shaped and (to lesser extent) the barbed-and-tanged points had a tendency to 
bounce off the animals, often without seeming to pierce the skin. As the experiment was carried 
out in the summer the rabbits’ coats would have been at their thinnest, unless the poor weather 
conditions over the previous months had resulted in them thickening up earlier than normal. 
One theory put forward was that there would be reduced muscle tone in dead animals (the 
rabbits were killed three to four days before the experiment), while muscles on live animals 
would be more taut and perhaps more susceptible to being pierced by arrows. Another 
possibility was that the rabbits’ coats were thicker than those of larger herbivores in the 
summer, and such points may not have been ‘traditionally’ used on small mammals, with bone 
or blunted wooden points being the optimum choice instead. A major consideration is that 
people hunting rabbits regularly would be better informed about the best points and bows to use, 
and their arrows may have been fired with more force. Furthermore, they would be more 
attuned to hunting live prey, so may have targeted a specific body area. 
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7.2.1.4.2 Arrow strike sites on rabbits 
This section outlines the results of the projectile experiment, indicating where the rabbits were 
hit, whether the hide was pierced or if the point bounced off the animal, and the number of the 
arrow used. 
 
 
Key to diagrams
24
: 
 
Cross on a red background indicates that the arrow point pierced the skin, and stayed in 
situ 
 
 
Cross on a blue background indicates that the arrow point bounced off the animal, 
though it may have pierced the hide and underlying muscles 
 
 
Cross on a green background indicates that there was some evidence of possible injury 
during processing the rabbit, such as a hole in the tissue 
 
 
A square box with a number in it indicates which arrow was fired. These are linked to 
the above symbols to show the result of the hit 
 
 
A square box with a question mark in it indicates it is unknown which arrow caused the 
injury. Most refer to possible trauma identified during rabbit processing 
 
 
                                                     
24
 East Valley Bunny Rescue 2006 Old Anatomical Diagram. http://bunnyrescue.org/handle.html 
17/08/2012. 
8 
? 
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Wood: Blunted, cylindrical points (Arrows 1 and 2; Rabbit 6) 
Arrow 1 broke midshaft during the experiment 
Arrow 2 point broke near base during the experiment 
2 
2 
1 
1 
2 
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Wood: Pointed, cylindrical points (Arrows 3 and 4; Rabbit 5) 
Arrows 3 and 4 broke midshaft during the experiment 
3 
? 
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Antler: Pointed cylindrical points (Arrows 5 and 6; Rabbit 3) 
Arrow 6 - Point broke at base 
 
 
 
 
 
 
 
 
 
 
 
 6 
 ? 
6
6
 5 
 ? 
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Antler: Barbed (Arrows 7 and 8; Rabbit 9) 
Arrow 8 - Point broke at base, part left in rabbit near shoulder. Two pieces had split off from it  
7 
 8 
 8 
 8 
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Bone: Pointed, flat (Arrows 9 and 10; Rabbit 2) 
Arrow 9 broke midshaft during the experiment 
 
9 
9 
10 
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Lithic: Obliquely truncated microlith (Arrows 11, 12, 13 and 14; Rabbit 1) 
Arrows 13 and 14 fired into left side 
Arrows 11 and 12 fired into right side 
12 
11 
Lithic - Microliths 
Rabbit No 1 
 
14 
13 
? 
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Lithic: Leaf-shaped (Arrows 15, 16, 17 and 18; Rabbit 4) 
Arrows 15 and 16 fired into left side 
Arrows 17 and 18 fired into right side 
 
  18 
18 17 
18 
17 
18 
16 
16 
15 
16 
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Lithic: Barbed-and-tanged (Arrows 19, 20, 21 and 22; Rabbit 8) 
Arrows 19 and 20 fired into left side 
Arrows 21 and 22 fired into right side 
 
  
20 
19 
20 
20 
19 
21 21 
21 
22 
22 
22 
22 
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7.2.1.4.3 Damage to arrows and points 
A number of the arrows and points sustained damage during the experiment from hitting the 
rabbit or impact with other structures, such as adjacent boxes. The damage could easily be seen 
on the arrow shafts, but as the points were smaller they were photographed through a 
microscope before and after the experiment (Appendix F), to enable comparison for any 
changes from the archery. Most points sustained surprisingly little or no damage from the 
experiment (Table 7.1), despite being fired several times to ensure their impact with the rabbit.  
 
Table 7.1: Damage to arrows and points from the experiment 
Arrow 
No. 
Rabbit 
No. 
Material 
Type of 
point 
Arrow 
damage 
Point after Comments 
1 6 Wood Blunt 
Broke 
midshaft 
No obvious 
damage 
 
2 6 Wood Blunt 
Point 
broke at 
base 
No obvious 
damage 
 
3 5 Wood 
Pointed, 
cylindrical 
Broke 
midshaft 
Extensive 
damage to tip 
Damage caused by arrow 
deflecting off rabbit/box, 
going over hedge and 
landing in road 
4 5 Wood 
Pointed, 
cylindrical 
Broke 
midshaft 
Slight damage  
to tip 
 
5 3 Antler 
Pointed, 
cylindrical 
- 
No obvious 
damage 
 
6 3 Antler 
Pointed, 
cylindrical 
- 
No obvious 
damage 
 
7 9 Antler 
Uniserial 
barbed 
- 
Very slight 
damage to sides 
of tip 
Hit rabbit in  
rib/scapula region 
8 9 Antler 
Uniserial 
barbed 
Point 
broke at 
base, part 
left in 
rabbit 
Snapped near 
lowest barb – 
only a stump left 
Remainder of antler 
barb point left in rabbit 
9 2 Bone 
Pointed, 
flat 
Broke 
midshaft 
No obvious 
damage 
Hit rabbit in ribs 
10 2 Bone 
Pointed,  
flat 
- 
Very slight  
blunting 
Two good hits to  
thorax, though one  
bounced off 
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11 1 Lithic Microlith - 
Tip chipped 
slightly 
Good hit to rabbit’s 
rib area 
12 1 Lithic Microlith - 
No obvious 
damage 
Hit rabbit’s rib area – 
bounced off 
 13 1 Lithic Microlith - 
No obvious 
damage 
Single hit to scapula 
14 1 Lithic Microlith - 
Tip chipped 
slightly 
Bounced off rabbit 
15 4 Lithic 
Leaf-
shaped 
- 
No obvious 
damage 
One good hit to ribs 
16 4 Lithic 
Leaf-
shaped 
- 
Slight chipping  
to sides 
Bounced off rabbit  
at least 4 times 
17 4 Lithic 
Leaf-
shaped 
- 
No obvious 
damage 
Two good hits to ribs 
18 4 Lithic 
Leaf-
shaped 
- 
No obvious 
damage 
Bounced off rabbit  
at least 3 times 
19 8 Lithic 
Barbed + 
tanged 
- 
No obvious 
damage 
Bounced off rabbit  
at least 2 times 
20 8 Lithic 
Barbed + 
tanged 
-  
Bounced off rabbit at  
least 2 times 
21 8 Lithic 
Barbed + 
tanged 
- 
No obvious 
damage 
Bounced off rabbit at  
least 2 times 
22 8 Lithic 
Barbed + 
tanged 
- 
Lump chipped  
off tip of point 
Bounced off rabbit  
at least 4 times, then  
hit the  humerus 
Most severely damaged  
of all the points 
 
 Points with significant damage were likely to have hit bones, causing fractures in some 
instances, with the tips chipped as a result. Damaged lithic points included a barbed-and-tanged 
arrow point (Figure 7.17), while the most damaged organic point was a uniserial barbed antler 
point (Arrow 8), which broke in two places and remained embedded in the rabbit’s chest (see 
Figure 7.23 below). One of the wooden arrows deflected off the rabbit and over a hedge, 
landing in an adjacent roadway, which contributed to damaging the tip (Figure 7.15). 
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Figure 7.15: Arrow 3 before (left) and after (right) firing, showing the damage partly incurred by 
the wooden point hitting a road. 
 
7.2.1.4.4 Radiography 
All the rabbits used in the fired projectile experiment underwent pre- and post-archery 
radiography (Table 7.2) (see Appendix E for images). The pre-archery radiographs were useful 
in identifying that one rabbit had a fractured mandible (Figure 7.16), while several had broken 
necks and/or metal shot fragments. The humerus of one rabbit had comminuted fractures and 
broken in several places with residual traces of shot, so was not used for the experiments as this 
would have impinged on the main target area. It provided the archers with an opportunity to 
practice firing two spare arrows (wood and bone-pointed) prior to the experiment, to get them 
accustomed to shooting different points and their lighter weight. 
 
    
 
 The post-experiment radiographs provided an opportunity to identify the site and nature 
of fractures inflicted on the rabbits by the archery before they were skeletonised and the bones 
disarticulated. It also made it possible to specifically target damaged bones when processing the 
rabbits. Unfortunately, the most difficult area to visualise clearly was the ribcage, which was the 
Figure 7.16: Pre-experiment rabbit 
radiograph of Rabbit 9, showing a 
fractured mandible (arrowed); this 
was confirmed by the presence of 
movement and crepitus on 
palpation. 
 
Identifying such trauma beforehand 
was important, given its proximity to 
the main target area. 
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area most often hit during the experiment, due to the range of soft tissues in that area. In living 
subjects, air within the filled lungs makes them show as darker areas due to their low density 
and reduced radiation attenuation qualities, and as such provides good contrast against which to 
view the ribs. In dead subjects, this contrast is significantly reduced as most air is expelled from 
the lungs as they collapse with the diaphragm returning to its resting position, so residual soft 
tissue organs of varying densities fill the chest cavity (Figure 7.17); though eventually 
decomposition results in gas in the thoracic cavity. 
 
   
 
Figure 7.17: The chest area of Rabbit 9, with the ribs obscured by soft tissue organs, such as 
the heart, deflated lungs, and diaphragm. 
 
 
Table 7.2: Rabbit fractures before and after shooting with projectiles 
Rabbit 
No. 
Material Type of point X-ray before X-ray after Comments 
6 Wood Blunt   
Gunshot remnants 
in head 
5 Wood 
Pointed, 
cylindrical 
Broken neck  
Gunshot remnants 
in neck 
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3 Antler 
Pointed, 
cylindrical 
   
9 Antler 
Uniserial  
barbed 
Fractured skull 
and mandible 
5th and 6th lumbar 
vertebrae fused 
?Broken ribs  
2 Bone Pointed, flat    
1 Lithic Microlith 
Broken neck (C1) 
Fractured 
mandible 
Fractured spine 
(Distal thoracic) 
 
4 Lithic Leaf-shaped 
Broken neck 
(C1/2) 
 
Gunshot remnants 
in proximal neck 
8 Lithic Barbed/tanged  
Fractured 
humerus 
Fracture-
dislocation of 
spine.  
 
7 
Used for practice and 
arrow thrust experiment 
Fractured 
humerus 
Not re-X-rayed 
Gunshot remnants 
in chest and 
foreleg 
 
7.2.1.5 Fractures by element for each different arrow point 
The rabbits clearly sustained a number of bone fractures during the projectile experiment. These 
included compound fractures to a humerus, fractured ribs, and several rabbits sustained fracture-
dislocation of the spine (Table 7.3). This section examines the type of fractures inflicted by the 
points on the long bones, scapulae, vertebrae, and ribs, using the radiographs and the cleaned, 
defleshed rabbit skeletons.  
 
Table 7.3: Summary of the results from shooting rabbits with projectiles 
Arrow 
No. 
Material 
Type of 
point 
Rabbit 
no. 
Where hit 
rabbit 
Damage to 
arrow* 
Fracture(s) 
produced 
Comments 
1 Wood Blunt 
6 
Ribs Broke midshaft 
Fractured 
rib 
 
2 Wood Blunt Ribs, Spine 
Point broke 
at base 
 
3 Wood 
Pointed, 
cylindrical 
5 
Abdomen, 
?Posterior 
ribs 
Broke 
midshaft 
Fractured 
spine 
 
4 Wood 
Pointed, 
cylindrical 
No known 
hit 
Broke 
midshaft 
- 
Arrow broken  
by hitting box 
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or ground 
before could 
hit rabbit 
5 Antler 
Pointed, 
cylindrical 
3 
Abdomen - 
Fractured 
ribs and 
vertebrae 
 
6 Antler 
Pointed, 
cylindrical 
Neck, 
Posterior 
ribs 
-  
7 Antler Barbed 
9 
Ribs, 
Scapula 
- 
Fractured 
rib 
 
8 Antler Barbed 
Ribs, 
Scapula 
Point broke 
at base, 
remaining part 
split in two and 
left in rabbit 
Fractured 
R. scapula 
Remainder of 
antler barb 
point left in 
rabbit 
9 Bone 
Pointed, 
flat 
2 
Ribs, 
Scapula 
Broke 
midshaft 
Fractured 
both 
scapulae 
Fractured 
ribs 
 
10 Bone 
Pointed, 
flat 
Ribs, 
Scapula 
-  
11 Lithic Microlith 
1 
Ribs/Spine - 
Fractured 
spine 
 
12 Lithic Microlith Ribs - -  
13 Lithic Microlith Scapula - -  
14 Lithic Microlith Ribs - -  
15 Lithic 
Leaf-
shaped 
4 
 
 
4 
 
Ribs - 
Fractured 
ribs 
 
16 Lithic 
Leaf-
shaped 
Neck, 
Cheek, 
Scapula 
-   
17 Lithic 
Leaf-
shaped 
Ribs, 
?Scapula 
- 
Puncture 
hole and 
fracture in 
scapula 
Fractured 
spine 
 
 
18 Lithic 
Leaf-
shaped 
Ribs, Spine 
Scapula 
-  
19 Lithic 
Barbed + 
tanged 
 
 
 
Ribs, Spine 
Scapula 
-  Fractured ribs 
(arrow 
unknown) 20 Lithic 
Barbed + 
tanged 
Ribs, Neck 
Scapula 
- 
Fractured 
R. scapula 
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21 Lithic 
Barbed + 
tanged 
8 
 
 
 
Ribs, 
Scapula 
- 
Fractured 
spine 
?Caused by 
arrow 21 
22 Lithic 
Barbed + 
tanged 
Ribs, Neck, 
Humerus 
- 
Fractured 
humerus 
 
*(Fields marked with - means there was no damage). 
 
7.2.1.5.1 Long-bones 
Only one long bone was fractured during the archery experiment, and this was inflicted by a 
stone barbed-and-tanged arrow. 
 
h) Lithic: Barbed-and-tanged points (Rabbit 8) 
The only fractured long bone was a humerus from Rabbit 8 (a juvenile animal). The barbed-and-
tanged point suffered damage (Figure 7.18), though while this may not have purely resulted 
from hitting that particular bone, it would have been a contributing factor given the impact force 
needed to cause the fracture. 
     
Figure 7.18: Flint barbed-and-tanged arrow point. The point sustained damage (arrowed) during 
shooting, most probably from impact with bone. 
 
 The break and displacement of the fractured ends was clearly visible on the post-
experiment radiograph (Figure 7.19). Subsequent skeletisation of the rabbit revealed the true 
nature of the damage. The bone had sustained helical fractures that extended across its mid-
shaft, leaving an inverted V-shaped break, with two fragments broken off (Figure 7.20). 
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Figure 7.19: Rabbit 8 (juvenile) with severely fractured right humerus (arrowed), caused by a 
direct hit from an arrow with a barbed-and-tanged point. 
 
 
Figure 7.20: Fractured humerus from Rabbit 7. The impact of the barbed-and-tanged arrowhead 
caused a comminuted fracture in the unfused bone. Despite careful searching, the remaining 
fragment was not found during processing. 
 
Microscopic damage: 
Viewed microscopically it was clear that while the humerus exhibited helical fractures of the 
diaphysis, the arrowhead had produced jagged bone edges along some fracture surfaces (Figure 
7.21). 
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Figure 7.21: Microscopic views of the fractured humerus (Rabbit 8), showing the characteristics 
of the fractured distal end (top), proximal end (middle), and displaced fragment (below). 
 
Discussion: 
The lack of fractured long bones in the experiment may be attributed to most being outside the 
key target area, and also because their small size meant they provided less of a target to hit. A 
further contributing factor may have been the fact that dead animals were the targets. In a living, 
moving animal the anterior limb bones could be more susceptible to being hit, as they would 
overlie the ribcage as the animal moved. 
Jagged-edged 
fracture 
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7.2.1.5.2 Scapulae 
Several scapulae were damaged during the experiment, by the antler, bone and lithic arrows. 
Post-processing provided the optimal means of identifying damaged scapulae due to the 
inherent difficulties in visualising these bones on the radiographs.  
 
d) Antler: Uniserial barbed arrowheads (Rabbit 9) 
Subtle bone damage was seen on Rabbit 9, where examination of the cleaned processed bones 
showed that the proximal tip of the acromion process had been fractured off the right scapula 
(Figure 7.22) by an arrow fitted with an antler barbed point (Arrow 8), and undoubtedly caused 
by the arrow’s trajectory. The fractured bone end appeared irregular in outline; with more 
broken off the exterior face than the interior side. 
 
 
                              
Figure 7.22: Above: Right scapula (Rabbit 9) with the acromion process broken off (arrowed) by 
being hit by a barbed antler arrowhead, compared with the normal, whole scapula from the 
opposite side. Below:  Enlarged view of the damaged right scapula. 
 
 The barbed antler point that fractured the scapula was among the most damaged of all 
the points, with only a residual stump left on the arrow shaft (Figure 7.23). The post-experiment 
radiograph clearly showed the remains of the point embedded in the rabbit’s anterior thorax 
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(Figure 7.24), confirming that the point had snapped within the rabbit upon impact. The end of 
the point was visible in the rabbit during skinning, and fell out during carcase processing. This 
revealed that the barbed point had split into two parts along the line of a barb (Figure 7.24), 
leaving a smaller fragment within the rabbit’s chest. 
 
     
Figure 7.23: Arrow 8 after shooting, showing the damage incurred by the point breaking off 
within the rabbit’s chest. 
 
   
Figure 7.24: Most of the tip of the barbed antler arrow point (arrowed) embedded in the rabbit’s 
anterior thorax. A smaller fragment that was never recovered may be represented by the radio-
opaque area seen on the radiograph within the rabbit’s chest, dorsal to the larger fragment. 
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Figure 7.25: Arrow 8 before (top) and after (below) firing, showing the damage incurred by one 
of the point’s barbs breaking off within the rabbit’s thorax. The larger fragment fell out when 
skinning the rabbit, while the remaining fragment was not found during subsequent processing. 
 
 The broken tip was recovered during processing, and subsequent microscopic 
examination revealed that it was damaged from hitting the rabbit, with part snapped off and the 
residual portion left as a jagged edge (Figure 7.26). The most likely cause of such damage was 
upon impact with the rabbit’s bones. It is interesting to compare the tip damage on this antler 
point with that on a bone point recovered from the Upper Palaeolithic Aurignacian levels at 
Riparo Mochi (Italy) (Figure 7.27). Red deer and marmots were among the faunal remains, and 
such damage could also have incurred by impact with animal bone during hunting. 
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Figure 7.26: Before (top) and after (bottom). The tip of the barbed antler Arrow 8 has been 
significantly broken off during the experiment, with most damage likely occurring during impact 
with the rabbit’s bones. 
   
           
Figure 7.27: Double-bevelled bone point the Aurignacian levels of Riparo Mochi (Alhaique et al. 
2004, Fig.4). Though larger, its damaged tip is comparable to the damage on the antler point. 
 
e) Bone: Flat arrowheads (Rabbit 2) 
Processing and skeletonisation of the rabbit revealed damage to both scapulae (Figure 7.28), 
indicating that the arrow strikes to the rabbit from the flat bone points were more anterior or 
dorsal than thought at the time of firing. The resultant damage comprised a hole though the 
blade of one scapula and a complete break though the proximal blade of the other, with a 
circular fracture indicating the original path of at least one arrow into that bone. Given that both 
scapulae sustained damage this may have been caused by a single arrow, with the tip causing 
the smaller hole, but as both arrows 9 and 10 fell out it is possible that each one caused one 
injury. Unfortunately, the arrow did not remain embedded in the rabbit in the scapular region, so 
it was not possible to determine which the offending arrow was.  
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Figure 7.28: Damage to left (top) and right (below) rabbit scapulae from pointed bone 
arrowheads. 
 
 Both macroscopic and microscopic examination of these breaks revealed that the 
resultant fracture had a semi-circular outline, with adjacent broken bone fragments displaced 
away from the direction of the incoming arrow (Figure 7.29). The concave fracture indicates the 
direction of firing, but some displacement of attached fragments may have been caused by 
arrow removal. 
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  Examination of the fractured edge at greater magnification showed that a thin bone 
laminar flake had been spalled or peeled off the bone surface, leaving a shallow scar (Figure 
7.30). 
 
Figure 7.29: Microscopic images 
showing the damage suffered by the 
left (above) and right (left) scapulae, 
in the form of semi-circular fractures, 
and displacement of adjacent 
fragments. 
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Figure 7.30: Microscopic damage to a rabbit scapula, showing where a thin flake had been 
spalled off the bone surface (arrowed). 
 
g) Lithic: Leaf-shaped biface points (Rabbit 4) 
Among those affected by the fired points was Rabbit 4, which had a clearly demarcated 
puncture hole in the infraspinous fossa that was identified during post-experiment processing. 
The puncture hole was situated in the inferior aspect of the right scapula, between the scapular 
spine and the inferior border (Figure 7.31), and caused by one of the flint leaf-shaped 
arrowheads, probably arrow 10. A fracture radiated off this the puncture hole and had broken 
through the inferior border, resulting in slight displacement of the fractured part. 
 
 
Figure 7.31: Damage to the right scapula of Rabbit 4 from a leaf-shaped flint arrowhead 
(probably Arrow 17). 
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h) Lithic: Barbed-and-tanged points (Rabbit 8) 
Damage to the acromion process was present on Rabbit 8, hit by a barbed-and-tanged 
arrowhead. The process had been broken off at the proximal end, near the scapular spine, 
leaving a jagged edge and cracking on the bone at the junction of the process and blade (Figure 
7.32). 
 
                  
                  
Figure 7.32: Rabbit 8 scapula, with missing fractured acromion process (arrowed), seen from 
the lateral (top) and inferior aspects (below). 
 
Comparison: 
These findings were compared with rabbit scapulae from other sources to see whether they 
exhibited similar characteristics. This included scapulae from the Pueblo archaeological site of 
Stix and Leaves (Colorado, USA), which contained bones with fractures similar to those from 
the experiments (Figure 7.33), and scapulae from a ‘natural’ assemblage recovered from Herm 
(Figure 7.34). This comprised rabbits that were shot because they had myxomatosis and were 
left to decay in situ, and the lack of carnivores on the island meant that most modification would 
occur from natural decomposition. The differences are further discussed by site in Chapter 10. 
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Figure 7.34: Fractured scapulae from modern Herm rabbits (Oryctolagus). Most breaks are 
jagged or linear, lacking with oval shape seen on the projectile damaged scapulae. 
 
Discussion 
While the scapulae compared with those from the experiment derived from three different 
leporid species it was possible to see differences in fracture morphology. While the scapulae 
from modern Herm rabbits exhibited linear, jagged-edged breaks, those from the archaeological 
Pueblo site of Stix and Leaves (Colorado) showed a greater diversity of fractures. While some 
were linear and jagged, with some similarity to the Herm bones, others exhibited oval fractures 
with curving edges, comparable with those from the projectile experiment rabbits. 
Figure 7.33: Cottontail rabbit 
(Sylvilagus) (left) and jackrabbit 
(Lepus) scapulae from the 
archaeological site of Stix and 
Leaves Pueblo (Colorado). 
Some clearly exhibit the oval 
fractures seen on the 
experimental bones (arrowed), 
suggesting they were hunted or 
killed with projectiles. 
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 While the bones with curved-edged fractures may be a feature of freshly-broken 
scapulae, if this were the case then all would exhibit oval breaks, making this damage most 
likely attributable to projectiles. Conversely the jagged, irregular-edges fractures could have 
resulted from post-depositional damage to non-fresh bones, given that it was present on both 
sets of leporid remains, or from processing prior to cooking or consumption, in the case of the 
Stix and Leaves bones. 
 
7.2.1.5.3 Vertebrae 
Macroscopic damage 
Four rabbits sustained vertebral fractures during the experiment, with two causing more severe 
injury. 
 
b) Wood: Pointed arrowheads (Rabbit 5) 
Cylindrical 
The only damage seen to the vertebrae on Rabbit 5 probably occurred when the animal was 
killed, with residual gunshot fragments visible in the animal’s neck and cervical spine region on 
the pre- and post-experiment radiographs (Figure 7.35). Consequently, the bone damage was 
attributed to its killing rather than the projectiles, especially as no arrows were seen to come 
close to this region. 
 
            
Figure 7.35: Radiograph of Rabbit 5, showing fragments of gunshot (white areas) in the rabbit’s 
neck and spine. 
 
7: Experiments: The osteological effects of hunting small game 
P a g e | 443 
 Examination of the rabbit’s vertebrae following carcase processing confirmed damage 
to several bones, with one in particular exhibiting a broadly linear break across the bone (Figure 
7.36), and several others fragmented. 
 
                 
Figure 7.36: Damaged cervical vertebra from Rabbit 5, which most likely occurred when it was 
killed, either due to gunshot or manual neck breakage. 
 
 However, despite its seemingly linear appearance the fractured edges were not clean 
cut, with the bone appearing jagged or with an irregular outline along this transect when viewed 
microscopically (Figure 7.37). 
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Figure 7.37: The effect of gunshot on the rabbit’s vertebrae. The bone edges are left with an 
irregular, jagged appearance. 
 
c) Antler: Pointed, cylindrical arrowheads (Rabbit 3) 
One of the lumbar vertebrae was damaged by the antler projectile point, which removed a 
transverse process and part of the vertebral body, leaving a jagged fracture edge. Although the 
animal was only a juvenile, with unfused femoral epiphyses, there was a healing fracture in one 
of the vertebral spinous processes, indicating some prior in vivo trauma (Figure 7.38). While 
this could merely be attributed to the insult suffered, it is possible that the animal’s bones were 
weaker in some way, resulting in more marked breakage than would normally occur. 
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f) Lithic: Obliquely-truncated microlith points (Rabbit 1) 
Post-experiment processing enabled examination of the damaged thoraco-lumbar vertebrae that 
were shown as being fracture-dislocated on the post-experiment radiograph (Figure 7.41). It was 
possible to see the full extent of the damage to the bones, when they were viewed individually, 
with a linear slice through the more anterior vertebra from the microlith (Figure 7.39).  
 
         
Figure 7.38: Above: Lumbar 
vertebra with the transverse 
process and part of the vertebral 
body broken off by the projectile. 
 
Left: Healing fracture in one of the 
rabbit’s spinous processes. 
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Both damaged fracture-dislocated thoraco-lumbar vertebrae were then placed next to 
each other (Figure 7.40) to obtain a better idea of overall damage and determine the arrow’s 
trajectory, and showed that the animal had been hit on the left side. The bones were also 
compared with the post-experiment radiograph (Figure 7.41). 
 It also became clear that several of the transverse and spinous processes had been 
broken off the vertebrae by the arrow impact, and microscopic examination of the fracture 
surface showed that there was often peeling back of the laminae (Figure 7.42). 
 
 
Figure 7.40: Contiguous vertebrae fractured (arrowed) by an arrow strike. This trauma appeared 
on the post-experiment radiograph as a fracture-dislocation (Figure 7.41). 
 
Figure 7.39: Top: Anterior view of 
both damaged vertebra (main 
areas arrowed). Below: Supero-
inferior view of the upper anterior 
part of a thoracic vertebra, which 
suffered the most damage. 
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Figure 7.41: Fracture through the distal thoracic spine (arrowed), caused by a direct hit. This 
has caused displacement of the vertebrae. 
            
Figure 7.42: Peeling back of bone surface laminae by the arrow’s trajectory. 
 
g) Lithic: Leaf-shaped biface points (Rabbit 4) 
The rabbit vertebrae sustained little damage from the leaf-shaped arrowhead, with the trauma 
reduced to removal of a transverse process from a lumbar vertebra (Figure 7.43). While such 
damage was minimal, it differed from butchery damage (which could occur in that area) in that 
the edges were uneven and irregular, with peeling of the surface laminae again. 
 
  
Figure 7.43: Rabbit lumbar vertebra damaged by leaf-shaped arrowheads, which removed the 
transverse process, leaving irregular edges and some surface peeling of bone. 
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h) Lithic: Barbed-and-tanged points (Rabbit 8) 
The barbed-and-tanged arrowheads fractured a number of rabbit’s bones during the experiment, 
including several ribs and vertebrae, and a scapula. The damaged vertebrae were mainly from 
the thoracic and lumbar spine, as shown on the post-experiment radiograph, which showed a 
fracture-dislocation (Figure 7.44). 
 
 
 
Figure 7.44: Before (top) and after (below): Fracture of the 1
st
 lumbar vertebra (arrowed), 
truncated by the barbed-and-tanged arrowhead, causing fracture and displacement of the spine. 
This would have severed the spinal cord in a living rabbit. 
 
One thoracic vertebra had pronounced damage from a projectile, which had truncated 
the right side of the neural arch (Figure 7.45) leaving the left side intact. The undamaged side 
had enabled the vertebra to remain whole and the damage from the arrowhead could be clearly 
seen, and seemed to have impacted the bone from a posterior-oblique direction given the 
damage to the anterior, superior part of the spinal body. 
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Figure 7.45: Right lateral, anterior and posterior views of a thoracic vertebra damaged by a 
projectile. The projectile has sliced through the right neural arch (arrowed). 
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 Other vertebrae also sustained damage, including one that had been sliced across 
diagonally, leaving the bone edges uneven in appearance (Figure 7.46). As no knives were used 
for post-experiment processing such damage was attributed to the barbed-and-tanged 
arrowheads used. On another vertebra, the same type of arrowhead had removed a V-shaped 
slice from the ventral surface (Figure 7.47) 
 
    
                                                              
Figure 7.46: Rabbit vertebra 
damaged by a projectile. No 
knives or blades were used 
during processing, so damage 
was attributed to the barbed-
and-tanged arrowheads used. 
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Figure 7.47: Rabbit vertebra 
damaged (arrowed) by the tip 
of the flint barbed-and-
tanged arrowhead.  
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7.2.1.5.4 Ribs 
Macroscopic damage 
Fractured ribs were difficult to identify from the radiographs, due to their small size and the 
surrounding range of soft tissues, which were of varying density (Figure 7.48). While they were 
readily identified following carcase processing it was not always possible to identify exactly 
from which part of the ribcage they came.  
 
 
Figure 7.48: Post-experiment radiograph showing the pre-experiment fractured neck (arrowed 
left), and fractured ribs caused by the projectiles (short arrows on right). 
 
Microscopic damage: 
Examination of rib fractures through a low-magnification microscope enabled improved 
visualisation of the broken ends and fracture characteristics. 
 
a) Wood: Blunt arrowheads (Rabbit 6) 
Blunt cylindrical arrowheads were used in the experiment to replicate those used by prehistoric 
and ethnographic hunters. Such projectiles were used in the Mesolithic, and by more recent 
tribes when hunting birds and fur-bearing species, in order to avoid damage to the feathers or 
pelts. Unfortunately, few hit the intended targets during the archery experiment, resulting in less 
bone damage or fractures. When originally used they were intended to stun the prey so the 
hunter could catch it, or cause haemorrhage and shock. 
 A single rib fracture was found following the experiment (Figure 7.49). This differed 
from rib fractures caused by other projectiles as the edges appeared more rounded and there was 
less evidence of laminar peeling. 
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Figure 7.49: Rib fractured by a blunt wooden arrowhead. The fractures edges are more rounded 
and there is minimal evidence of peeling, with a thin layer of bone only removed from one area 
(arrowed). 
 
b) Wood: Pointed cylindrical arrowheads (Rabbit 5) 
Aside from a fractured cervical vertebra, which showed on the pre-experiment radiographs as a 
broken neck along with evidence of metal shot, there was no evidence of rib trauma to Rabbit 5.  
 
c) Antler: Pointed cylindrical arrowheads (Rabbit 3) 
A number of fractured ribs were present in Rabbit 3 from the experiments. Most exhibited 
displacement of broken fragments (Figure 7.50) and/or ‘peeling’ of parts of the bone surface 
layers (Figure 7.51). The fractured bone edges tended to be jagged, although diaphyseal splits 
were helical around the shaft (Figure 7.52). 
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Figure 7.50: Fractured rib caused by a pointed antler arrowhead, with displaced fragment. 
 
 
Figure 7.51: Rib fractured by a projectile, exhibiting ‘peeling’ of parts of the laminar bone 
surface (arrowed). 
 
              
Figure 7.52: Jagged fracture with associated helical split continuing around the bone diaphysis. 
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d) Antler: Uniserial barbed arrowheads (Rabbit 9) 
One rib was broken about halfway along the shaft (Figure 7.53), leaving a jagged, irregular end 
to the bone. Closer examination showed it exhibited a ‘feathery’ edge, similar to other broken 
ribs from the experiment. 
 
         
        
 
e) Bone: Flat arrowheads (Rabbit 2) 
Examination of the semi-processed rabbit carcase showed that several ribs were fractured. 
These included the 2
nd
 right rib, which was severed c.1cm from the ventral end, and the left 11
th
 
rib, which had broken c.2 cm from its articulation with the thoracic vertebra (Figure 7.?), and 
was clearly shorter than those adjacent to it. A third rib was also found to have been broken in 
the ventral part of the thorax, and truncated c.1.5 cm from its attachment to the sternum. The 
break surface appeared irregular (Figures 7.54 and 7.55). 
 
 
Figure 7.53: Rib fractured 
during the shooting 
experiment (Rabbit 9). The 
fractured end and surface is 
irregular and jagged in 
appearance. 
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Figure 7.54: Ribs broken by a projectile point (arrowed), in a semi-cleaned skeleton (Rabbit 2), 
making accurate identification of the location of fractures easier. The 2nd and 11th ribs 
(arrowed) have been fractured at the left posterior part of the ribcage. 
 
     
Figure 7.55: Right: Rib fractured (arrowed) by a flat bone point, close to its attachment with the 
sternum. Left: Magnified view of the rib break site. 
 
f) Lithic: Obliquely-truncated microlith points (Rabbit 1) 
No fractured ribs were present. 
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g) Lithic: Leaf-shaped biface points (Rabbit 4) 
Several ribs were fractured with this point, but while one exhibited ‘feathery’ fracture edges 
similar to other ribs broken by projectiles, one had much straighter edges to the break (Figure 
7.56). 
 
                         
                
Figure 7.56: Ribs exhibiting different fractured edges. Both were caused by the same type of 
projectile point, and both fired by the same bow. 
 
h) Lithic: Barbed-and-tanged points (Rabbit 8) 
A number of ribs had sustained fractures, with the type of damage visualised best using low-
power microscopy. One rib had been almost severed by an arrow, which had clearly left an 
irregularly-edged channel through where it had passed. This was marked by a jagged line of 
bone spicules, several of which were bent back from the bone surface (Figure 7.57). 
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Figure 7.57: Rib damaged by the projectile, where the path of the point is still visible on the 
bone and marked by displaced bone fragments that remain connected. 
 
 The same pattern of displaced, yet connected, bone fragments was seen on a number of 
other ribs, though in most cases the rib shafts had been completely fractured in two by the 
projectile (Figure 7.58). The displaced fragments varied in shape, and while some consisted of 
most of the cortex width, others merely comprised a thin flake or spall from its surface (Figure 
7.59) on the reverse side to the direction of the projectile strike. 
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Figure 7.58: Fractured end of a bisected rib, where a broken fragment has been displaced by 
the fired arrow. 
 
                             
Figure 7.59: Magnified view of a fractured rib, showing a thin bone surface flake, or spall, 
peeling off the bone surface (arrowed), created as the effect of being struck by the projectile. 
 
7.2.1.6 Bone modification characteristics from fired projectiles 
While the bone fractures could be identified macroscopically, examination of the fractured 
rabbit bones using a low-power binocular microscopic enabled recognition of much finer details 
of the damage incurred during shooting, and helped to identify certain characteristics that 
seemed typical of projectile point damage to bones. 
 One of the most obvious features noticed was the general disruption to the bone, with 
displacement of fragments that remained partly attached, and usually an irregular, jagged 
fracture edge, rather than a clean break. Also created was ‘peeling’ back of slivers of bone from 
the surface laminae (Figure 7.60), often with feathery edges, which were particularly prominent 
on ribs, though also present on other elements. 
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Figure 7.60: Peeling back of bone laminae by the arrow’s trajectory. 
 
 A further feature, complementary to the ‘peeling’ was ‘spalling’ at the fracture site, 
where a thin bone sliver that would have corresponded to the peeled bone was displaced, as seen 
on the scapula damaged by the flat bone arrowheads (Rabbit 2: Figure 7.29), with this 
characteristic seen on various elements, including vertebrae, ribs and long bones. 
 
7.2.1.7 Discussion 
In terms of fractures, using dead rabbits rather than live ones for this experiment may have had a 
detrimental effect on the bones, potentially altering the type and location of some of them due to 
not hitting a moving target. A more realistic representation of injuries sustained would 
necessitate the use of live rabbits, but this raises ethical issues regarding causing them 
unnecessary suffering; moreover, shooting animals with bows and arrows is illegal in this 
country (though not in countries like the USA). Therefore, to reproduce comparable results the 
rabbits used were dead but recently killed, so produced fractures typical of fresh bones. The 
rabbits were also positioned near the ground for the archery so that any injuries were 
representative of small-sized animals. 
An improved means of specifically comparing the effects of the different points would 
have been to ensure that each different arrow hit the same part of the rabbits with the same 
force. This would have necessitated using some form of mechanism to produce an identical 
force, position and direction of strike. As with the archery experiments the bones may simply 
have fractured in two, producing no obvious benefit to such a method, but it remains a possible 
future option for further research. 
The experiment successfully demonstrated the type of fractures potentially sustained by 
rabbits when hunted with projectiles. It was initially questioned whether their bones would 
become too fragmented to retain residual evidence of such trauma, given their thin, fragile 
nature. But this has proved to be not the case, with the bones surviving intact enough to be used 
to identify human activity. Furthermore, given that such fracture characteristics remain evident 
it would not be unreasonable to extrapolate the nature of the resultant injuries as being equally 
applicable to other small mammal species, especially given that many have bones that are more 
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robust than those of rabbit. Comparison with archaeological bones, such as the scapulae from 
the Stix and Leaves site, confirmed its use as a technique for identifying that human utilisation 
had occurred, with the fracture characteristic surviving deposition and subsequent recovery. 
Although the experiment produced a number of fractured bones, the range of injuries to 
the rabbit skeleton should be seen as indicative of the type of injury that could be inflicted on 
smaller mammals by such weapons during hunting, rather than being representative of all 
sustainable injuries. Obtaining a better indication of the total range of possible injuries would 
require a much larger sample size, both in terms of rabbits (though large numbers could be 
considered unethical unless also used for meat) and the range of materials and number of arrow 
points used for the projectiles. Similarly, using a larger number of each different point could 
potentially provide a better idea of how different materials affect the type of fracture sustained, 
with such a larger sample size better establishing whether the type of original projectile could be 
identified from the type of trauma sustained. However, despite the range of points used in this 
experiment, the fracture characteristics are frequently similar, and such further investigation 
could be of limited benefit. If further experimentation were to be considered, more could be 
done investigating the effect of blunt points on small mammal bones, especially given that these 
would often have been the projectile of choice when hunting fur-bearing species. 
 
7.2.2 Thrust projectiles 
7.2.2.1 Rationale and aims 
It is known that arrows may be used as thrown weapons rather than fired (Webb 1991, 8), and 
could even be utilised hand-held like spears as thrusting weapons, so the aim of this experiment 
was to examine the type of trauma produced by using arrows in this way. It served to provide an 
indication of scapular trauma comparable to that seen in large animals (see Figure 7.3) by 
specifically piercing the rabbit through that bone, especially as such trauma was not achieved 
during the fired projectile experiment. 
 
7.2.2.2 Method 
The experiment was carried out on the rabbit rejected for the projectile experiment (Rabbit 7), 
because while it had previously sustained a fractured humerus, in this instance only the scapulae 
were being investigated, and these areas were unaffected by the practice shots (from palpation). 
The unskinned rabbit was placed on a table, and the scapulae located by palpating the rabbit. 
Two arrows were then thrust into the rabbit’s in situ scapulae, with a flat bone point pushed into 
the right scapula and a cylindrical antler point into the left. The rabbit was then processed as the 
previous ones, by skinning first, then de-fleshing and soaking to clean the bones. 
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7.2.2.3 Results 
Two attempts were made to pierce the right scapula, as it was missed on the first attempt, 
though the force used to drive the flat bone point into the scapula caused the wooden arrow 
shaft to break at the junction with the point. After cleaning, the scapula showed a clear puncture 
hole in the blade of the scapula, which reflected the shape of the projectile point, though there 
was a further fracture extending off from the puncture site (Figure 7.61). 
 
    
 
 The cylindrical antler point and arrow remained intact following the experiment. Upon 
cleaning the rabbit bones it was later found to have missed the scapula as no damage was 
present on the bone. 
 
7.2.2.4 Discussion 
Scapulae were selected for this experiment as they were large enough to remain intact from this 
activity, yet exhibit evidence of the weapon used to inflict the damage. The results show that it 
is possible for evidence of projectile use to be present on leporid scapulae, though later 
overburden by deposits could cause further damage and displacement of the bone fracture 
fragments. The presence of such evidence is also likely to depend on exactly where the point hit 
the scapula. In this experiment, the intention was to hit the centre of the blade, but if the 
projectile hit nearer the scapula border it is most likely that fragments would break off, leaving a 
less clearly demarcated entry point, and with the reduced size of many smaller mammal 
scapulae the majority would merely fracture through if subjected to this insult, though this 
would depend on the dimensions of the projectile point. 
 A further question was whether it would be possible to differentiate between similar 
injuries being caused by fired or thrust projectiles from the bone breakage pattern. Of the two, 
Figure 7.61: The effect 
of a flat wooden 
projectile point thrust 
into a rabbit scapula. 
The puncture hole is 
clearly demarcated, 
with a further fracture 
extending off it. 
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thrust projectiles are most likely to leave a clear hole through the bone as fired projectiles such 
as arrows are often fletched, causing them to spin in flight (Schuh 1991, 27), and so potentially 
leaving a larger entry hole upon impact. 
 While this experiment was clearly contrived to examine the possible results of thrusting 
arrows into bone (scapulae), it is not an impossible scenario. There is ethnohistoric evidence 
that various peoples caught rabbits (and perhaps marmots?) by means of communal drives, 
where the rabbits would be driven into a concealed net. Once caught and contained they would 
need to be dispatched, either manually or using weapons, and it would not be unreasonable to 
kill them using a thrust arrow or spear. This experiment provides an indication of the sort of 
damage that could be sustained by the scapula if an arrow were fired or thrust into a rabbit or 
other small mammal, and hit that bone. As such, it is possible that evidence of this trauma may 
be found on archaeological bones.  
 The archaeological assemblages sampled during this research were also examined for 
evidence of changes noted on the experiment bones. These are discussed later in Section 10.9.1. 
 
7.3 Conclusion 
The fired projectile experiment successfully demonstrated the type of fractures that could be 
sustained by rabbits or other small mammals when hunted with projectiles, and proving that the 
bones could exhibit evidence of such trauma rather than merely being destroyed. Despite the 
scapula blade being thin it showed that the arrowhead could truncate the bone and leave a 
recognisable outline of the point that caused it, without completely smashing the bone, while the 
residual oval fracture outline could provide a useful signature to identify a contributory cause of 
the animal’s death. Even where one scapula was more severely damaged, the experiment 
provided a good example of the type of trauma potentially inflicted during hunting rabbits this 
way, demonstrating fracture signatures typical of such activity that could be compared with 
archaeological assemblages. 
 It is clear from comparing the injuries sustained by the rabbits during this experiment 
with those of large animals that smaller-sized species are less likely to exhibit clear evidence of 
such trauma. While large animals are more likely to retain whole or fragmented points within 
their bones due to their general size and robustness, or leave visible traces of such injuries in the 
form of damaged bones (like holes or defects), this is significantly less likely in small species, 
simply due to their bones being considerably finer. Smaller bones are more likely to fracture 
than retain an arrow point, and so archaeologically would merely present as fractured bones. 
Moreover, although fine fragments of material might remain in situ, such as from lithic points, 
these would need careful microscopy to identify them, with the detailed examination required 
not practical for most assemblage analysis. 
The thrust projectile experiment was equally successful in demonstrating the effect of a 
projectile thrust into the scapulae of rabbit-sized small mammals, and such signatures could also 
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feasibly be produced on slightly smaller species. Again, the point left a recognisably-shaped 
hole in the thin scapula, without completely smashing the bone, with residual oval fractures 
again providing a useful signature for this activity. 
Having considered the possible visible effects of hunting on small mammal bones, the 
next stage of the ‘chaîne opératoire’ is to examine is dismemberment and disarticulation of the 
carcases, and the resultant patterns of modification. Although Chapter 6 cited some examples of 
using small animals as whole entities, most of the archaeological data from Chapters 4, 5 and 6 
deal with parts of the animal. While some interred remains (such as teeth or whole bones) may 
potentially have been acquired from decomposed specimens, in most instances skinning and 
butchering the carcases would have been necessary, and the manner in which this was 
performed could be indicated from archaeological assemblages. Chapter 8 now considers rabbit 
butchery, both in terms of the possible resultant bone modification and cultural variation in 
practices. 
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 CHAPTER 8 
 
 
EXPERIMENTS INTO DISARTICULATION AND 
DISMEMBERMENT: CARCASE PROCESSING 
CHARACTERISTICS AND AVULSION FRACTURES AS 
POTENTIAL ANTHROPOGENIC INDICATORS 
 
Human modification of animal carcases can leave characteristic signatures on bones during the 
course of killing, processing, cooking, and/or consumption, though of course some activities 
leave no residual marks. In order to better understand and identify bone modification and 
fractures created during carcase processing this chapter examines butchery practices that affect 
bone and leave an indication of the methods used on it. Modern methods of butchering small 
mammals and archaeological evidence are first considered, followed by experiential and 
experimental investigations employed to increase the researcher’s understanding of the 
processes involved and explore the ways in which small mammals could have been prepared or 
butchered. The aim was to ultimately enable comparison with leporid bones from archaeological 
assemblages to see whether any fracture patterns or modifications were similar, and so identify 
the methods used for processing small mammals in the past. Rabbit was again used here as a 
proxy for small mammals generally, with the usual caveats regarding inter-species anatomical 
variation, exploitation practices, methodology, and resultant bone fractures. 
 
8.1 Modern butchery and processing practices 
The main butchery applications essentially comprise jointing or disarticulating the carcase into 
smaller sections or breaking open the bones to access marrow, whether for food or as material 
resource, with the manner in which such actions are undertaken influenced by cultural dictates 
or personal preferences. The most obvious signs of anthropic activity on animal bone arise from 
carcase butchering, whether to merely remove the pelt or to access other comestibles, such as 
meat, offal or fat. The following sections examine the bone evidence for this from small 
mammals, using rabbit as a proxy for small mammals generally. 
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8.1.1 Methods of butchering rabbit 
Large mammals may be butchered and processed for cooking and consumption in numerous 
ways, with the method used determined by factors such as cultural tradition, cooking regime or 
individual preferences, which can invariably produce local or regional variation (Swartland 
2004), and differences are seen between different species (see  Rixson 2000). Similarly, despite 
their small size, the methods used to butcher, process and cook small mammals can differ 
culturally, spatially and/or temporally between places and species.  
 Several modern methods of processing rabbit are first outlined to provide a point of 
reference and enable comparison with later studies. Firstly, Swartland (2004) suggests the 
following jointing method for rabbit, which consists of cutting the carcase into seven parts, 
namely: 
 Left and right forelimbs removed from the ribcage, then separated 
 Ribcage divided in half 
 Lumbar region separated from the thoracic region 
 Hindquarter removed just anterior to the pelvis 
 Left and right hindlegs separated 
 
 For cooking, he suggests rabbits could be fried or casseroled (smaller animals up to 
2.5kg weight), roasted whole (animals up to 4kg), but suggests those above this weight require 
stewing (Swartland 2004, 175). His method of jointing differs slightly to that of ‘Bodger’ 
(2008), who posted the following description and images on the internet. He initially prepares 
the rabbit by removing the paws and tail (Figure 8.1), and then follows this with gutting and 
skinning (Figures 8.2). He then decapitates the rabbit and slices open the abdomen ventrally 
(Figure 8.3). 
 
  
Figure 8.1: Removing the paws (top) and tail (below) with secateurs and a knife ('Bodger' 2008). 
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Figure 8.3: Removing the head prior to jointing, then cutting through the ventral abdomen and 
pelvis ('Bodger' 2008). 
 
 This is followed by jointing the skinned rabbit, by first removing the hindlegs, and 
separating the ribs and forelegs from the loin saddle. This leaves the sacrum, which is discarded 
(Figures 8.4 and 8.5). 
Figure 8.2: Below: Cutting the rabbit 
open ventrally to remove the intestine. 
Right: removing the skin by peeling it off 
('Bodger' 2008). 
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Figure 8.4: Jointing: Detaching the hind legs from the abdomen and pelvis ('Bodger' 2008). 
 
  
Figure 8.5: Jointing: Separating the ribs and forelegs (forequarters) from the saddle (left). The 
end product, with the sacrum separated ready to be discarded (right) ('Bodger' 2008). 
 
 A third variant was noted from observing a local (Devon) game-dealer who regularly 
processes and eats a range of small game, including rabbit, hare and squirrel. The method 
described here prepares these animals for cooking prior to human consumption. The observed 
animal, an adult buck (male) rabbit, which had been killed by a professional stalker with a 
single shot to the head and gutted in the field soon afterwards, was first skinned. The head was 
removed by chopping through the neck, and discarded, as were the paws, which were removed 
by chopping through the distal ends of the legs (radius, ulna, and tibia) with a cleaver. The 
remainder of the rabbit was segmented, with all four limbs removed for frying, along with the 
‘saddle’ (the meat from the lumbar region comprising the loin and tenderloin), and offal, 
including liver, kidneys and heart. The ribcage was discarded with the thoracic vertebrae, as was 
the pelvis after being stripped of meat. 
 A slightly more complex method is outlined by Shaw (2012), who processes cottontail 
rabbits by dividing the carcase into the separate limbs, then flattens (spatchcocks) the loin, 
before dividing it into several pieces (Figure 8.6). Less meaty cuts, such as ribs and pelvis, are 
used for making stock, along with any trimmed surplus off-cuts. A further variant is that 
described by Baranowski (2012), which as an online culinary magazine describes a more 
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exacting method of dividing a rabbit carcase, in which the spine is divided sagittally and the 
saddle (loin) divided into four pieces (Figure 8.7). Again, he recommends that the ribcage, 
sacrum and tail are discarded. 
 
                  
Figure 8.6: A North American cottontail rabbit jointed differently to the European rabbits (head 
end on the left) (Shaw 2012). 
 
   
 
 All these different processes would affect the residual bones, in terms of where on the 
skeleton they were cut or cleaved, whether they were used for cooking, and when and where the 
different elements were finally discarded. 
 
Figure 8.7: A further 
method of jointing a 
rabbit, where the 
saddle (loin) is divided 
along the spine and cut 
to produce four 
segments (head end on 
the left) (Baranowski 
2012). 
8: Experiments: Disarticulation and dismemberment 
470 | P a g e  
8.1.2 Skeletal damage from these butchery processes 
The differences between these methods are relatively subtle, but in terms of archaeological 
remains the type of butchery marks and the bones affected would differ. A brief examination of 
these effects is now outlined. 
 
8.1.2.1 Axial skeleton 
Head and neck: 
Starting with the whole head, decapitation using a cleaver would have produced damage to at 
least one cervical vertebra, unless the blow managed to hit the intervertebral disc space, in 
which case there would have been minimal bone damage with only the spinal articular processes 
severed. Fracture damage would also be incurred by the cervical vertebrae if the rabbit had its 
neck broken manually. Other, more localised, damage would derive from extraction of the 
tongue, brain, and/or eyes, or from removing the cheek muscles. While such ‘delicacies’ are less 
commonly eaten in Britain today this does not necessarily hold true for other cultures, and may 
not have been the case in the past. If they were utilised such action would impact on the skull 
and mandible, though these bones are usually susceptible to breakage given their fragile nature. 
 
Thorax, abdomen and pelvis: 
The main bony damage to the axial skeleton from the aforementioned processes would result 
from jointing the animal into smaller sections, removal of internal viscera, and filleting; 
especially removal of the loin and tenderloin meat. As with head removal, most damage would 
be incurred by the spine when dividing the carcase into sections. Division of the carcase into left 
and right sides would produce vertebral damage with either sagittal cleaving through the 
midline or parasagittal chopping lateral to it, with potential for transverse (or oblique) chopping 
through the vertebrae. Parasagittal chopping of the carcase to divide it would also sever the 
costo-vertebral articulations, necks or shafts of the ribs depending upon the position of the cut. 
 Removal of internal thoracic viscera could damage the ribcage if it was severed, and 
ribs could incur cut-marks during scapula removal. Finally, removing the hindquarters and tail 
would cause chop-marks through the lumbar spine, proximal to the pelvis and sacrum; though if 
misdirected would damage the pelvis itself. Separating the hindlegs from the pelvis near the hip 
joints would either necessitate cutting through the proximal femora to leave the femoral heads 
in articulation with the acetabulum, or potentially damage the acetabula by forcibly 
disarticulating the joints and severing the ligamentum teres. 
 
8.1.2.2 Appendicular skeleton 
Limbs: 
Most cut- or chop-marks are likely to be evident on limb bones, due to several factors. Firstly, 
many bones are fairly superficial to the skin, making them more susceptible to damage during 
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skinning, though it is possible to skin a rabbit without leaving any evidence on bones. Secondly, 
disarticulation of the carcase can result in cut-marks in the proximity of the joints, when trying 
to cut through articulations. The nature of rabbit musculoskeletal anatomy means that the 
hindlimbs, particularly the femur and tibia, have pronounced muscles, so meat removal through 
filleting can leave fine marks on these bones. However, the paws have little covering flesh, 
resulting in the low meat-utility feet bones more likely to be removed at the distal radius, ulna 
and/or tibia, and discarded without sustaining cut-marks. Finally, it is the major limb long-bones 
that could be split to access the fat-rich marrow from the medullary cavity. 
 
8.1.3 Discussion 
As mentioned previously, the method in which as animal is butchered varies culturally, and 
according to personal preferences and experience. These could result in animals being butchered 
in a culturally-defined, specific way or merely divided more randomly. The methods above are 
simply examples, and there are undoubtedly other variations not mentioned here. Furthermore, 
such division could occur prior to cooking or afterwards, with the animal cooked whole and 
then divided. 
 
8.2 Processing: Soft tissues 
This section describes actualistic experiments and experiential investigation into processing 
dead rabbits for consumption and/or accessing raw materials, undertaken with the aim of better 
understanding anatomically how the carcase might have been prepared in the past, though 
different cultural and/or individual practices would cause variation. A rabbit meat utility index 
was created during this process, to consider how smaller mammal products were potentially 
utilised. While most small game would simply have been transported whole back to an 
occupation site, it is possible that selected pieces (a ‘gourmet model’) were targeted at times, 
especially during periods of abundance. There may also have been socio-cultural preferences or 
dietary taboos for certain society members dictating which (if any) parts of the animal were 
eaten, affecting the skeletal material present within residual assemblage. 
 
8.2.1 Methodology 
The rabbits used were of varying size and sex and processed within several days of killing. 
Obtained from a local game-dealer, they had been shot by a professional stalker and gutted in 
the field soon afterwards to prevent bloating and rapid meat contamination, which begins within 
a few hours of death if the intestine is left in situ (C. Clifford pers. comm.). They were 
refrigerated as the meat was for eating afterwards. 
 The rabbits were initially weighed, then skinned and their offal (tongue, liver, kidneys, 
heart, and lungs) removed. They were filleted and defleshed using flint expediency flakes to see 
whether cut-marks were left on the bones. The different components were weighed during these 
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processes to quantify the amount of skin, meat, and offal obtained. Utility indices have been 
calculated for large mammals, but little comparable work has been done for smaller species, and 
so was addressed here. Although large mammal utility indices usually calculate the meat utility 
per element, quantification per skeletal portion was considered more appropriate given the 
rabbit’s smaller size, so the carcase was divided into five main sections (Figure 8.8). 
 
 
Figure 8.8: Rabbit 2 after skinning, illustrating its division into the skeletal portions used in the 
utility index. 
 
The meat was removed and weighed for each section, which comprised: 
1. Head and neck (tongue weighed separately) 
2. Thorax: the flesh around the ribs and thoracic spine (excluding heart and lungs) 
3. Forelimbs, including scapulae 
4. Loin and lumbar spine region (liver and kidneys weighed separately) 
5. Hindlegs and pelvis, from the anterior sacrum posteriorly 
 
8.2.2 Processing observations 
Skinning: 
Open case skinning was performed as the rabbits had already been cut ventrally for paunching. 
Removing the skin from the body was done by sliding the hand underneath the skin in the 
middle of the rabbit and then pushing it towards the dorsal side, separating skin from carcase. 
The skin usually came easily away from the main body, though this varied between rabbits. It 
also came away relatively easily from the limb bones, so that most could be peeled off like a 
glove, but adhered more to the head, necessitating its careful removal with a flint (Figure 8.9). 
 1. 
 3. 
 2. 
 4. 
 5. 
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The only areas where the pelt was difficult to remove was from the paws where the bones were 
very superficial; even cutting the skin did not improve this, with the result that it could only be 
removed as clumps of fur. 
 
             
 
 There was little meat on the head and neck. On the face, the cheeks comprised up to 7g 
of dark red meat from larger rabbits, while the tongue weighed up to 3.5g. This latter 
could potentially have been a delicacy in the past, as the presence of fractured 
mandibles suggests they were broken to access it. (It also proved a choice cut and the 
first parts eaten by cats fed rabbit heads). The neck muscles provided some meat though 
these were small on some rabbits, particularly females and juveniles. 
 Subcutaneous fat reserves were often visible on the shoulders, on the tips of the 
scapulae (see Figure 8.9). 
 There was little meat on the thorax following removal of the scapula and upper limb. 
Apart from the heart and lungs, the best thoracic meat consisted of the anterior tip of the 
outer loin, which extended to the level of the 10th ribs dorsally (rabbits have 13 pairs of 
ribs), with the main muscle body on either side of the midline. Most of the remaining 
meat comprised skirt, a thin muscle flap that covered the ribs and also extended 
posteriorly over the lateral sides of the flanks below the loin. 
 The forelimbs provided the third largest amount of meat from most rabbits, though this 
would have been reduced if the scapula and its associated muscles had been included 
with the thorax. 
Figure 8.9: Removing the 
skin from the rabbit’s head. 
It does not peel off as easily 
as it does from the main 
body. 
Fat reserves can be seen 
on the scapulae. 
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 The lumbar region and loin provide the second largest quantity of meat from each rabbit 
carcase, though comprised the largest fillet on the animals. It is considered the tastiest, 
especially the inner loin, which underlies the transverse processes of the lumbar 
vertebrae. In several younger rabbits there were large fat deposits around the tenderloin. 
 The bulk of the meat came from the hindlimbs and pelvis, with most from the large 
muscles surrounding the femora. 
 There were negligible amounts of flesh on all paws below the carpal (‘wrist’) and tarsal 
(hock) joints. 
 
8.2.3 Rabbit Meat Utility Index (Spring) 
During the processing, a simple meat utility index was calculated to give an indication of the 
amount of useable meat that might result from butchering a rabbit (Tables 8.1 and 8.2). This 
index was quantified for rabbits in the spring, though a similar index for animals caught in the 
late summer and autumn would show them to be carrying more condition. At that time of year 
they would have been eating summer vegetation to put on weight in readiness for winter, in 
order to deal with the reduced availability of food, with consequent greater meat and fat mass. 
This would be the optimum time for hunter-gatherers to hunt them. 
 
Table 8.1: Meat and offal weights (in grams) from rabbit carcases in spring.  
 
Sex of 
rabbit 
Whole 
weight 
(gutted) 
1. Meat 
from head 
& neck 
2. Meat 
from 
thorax 
3. Meat 
from both 
forelimbs 
4. Meat 
from 
loin 
5. Meat 
from both 
hindlimbs 
& pelvis 
Total 
meat 
Total 
meat + 
offal* 
Rabbit 1 Male 1530  84 134 185 300 871 990 
 Rabbit 2 Female 729 14 42 42 89 122 311 357 
* Heart, liver, kidneys, and tongue 
 
Table 8.2: Relative proportion of meat and offal from rabbit carcases 
 
Sex of 
rabbit 
1. Head 
+ neck 
meat (%) 
2. Thorax 
meat (%) 
3. Forelimb 
meat (%) 
4. Loin 
meat 
(%) 
5. Pelvis + 
hindlimb 
meat (%) 
Total 
meat 
% 
Meat 
% 
Offal* 
Total 
meat 
+ offal* 
Rabbit 1 Male  10 15 21 34 871g 88% 12% 990g 
Rabbit 2 Female 4.5 13.5 13.5 29 39 310g 87% 13% 357g 
* Heart, liver, kidneys, and tongue 
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Comments: 
 The lack of meat on rabbit paws means they are low meat utility elements and unlikely 
to be sought as food. As such they could be discarded at the kill site to reduce carcase 
transportation weight if necessary, though this would be negligible in an animal this 
size. Recovering phalanges and metapodials from a site therefore suggests that the 
rabbit was taken there whole (perhaps for its pelt). 
 As the pelt does not separate from the paws easily it could be that it was removed from 
the main torso of the carcase (and maybe the head), but only partly removed from the 
legs. The paws would then be cut off and discarded with the pelt, or kept within the skin 
to facilitate handling or stretching it when tanning. 
 Regarding meat quantities, a larger rabbit would provide more meat than a smaller one, 
and may seem an obvious choice when selecting prey. However, some people consider 
smaller rabbits tastier than larger ones (C. Clifford pers. comm.), though cultural and/or 
individual preferences, hunting ability and resource availability could affect choices. 
 
8.3 Processing: Face 
Three rabbit heads were subjected to modification to replicate removal of the flesh or internal 
organs, whether for eating or other purposes. The heads had been previously removed from the 
rabbit carcases during cooking preparation, with the modification processes consisting of cheek 
and tongue removal. While such processing might seem extreme, the aim was to try to view 
potential use objectively, and ignore the author’s personal or cultural prejudices. After 
modification the rabbit heads were skeletonised and the bones examined macroscopically and 
microscopically. 
 
8.3.1 Cheek removal 
The first modification was removing the cheeks to see whether such butchery was feasible and 
determine the amount of meat obtained. 
 
8.3.1.1 Rationale 
In large mammals, like horses, the large muscles that form the cheeks are often sought after for 
consumption by animals (and humans in Continental Europe) as they comprise several muscle 
groups and contain a lot of useable meat. Although these areas, which consist of superficial 
masseter muscles overlying deep masseter muscles (Figure 8.10), are significantly smaller in 
rabbits there is the possibility that they might have been consumed in the past despite their size, 
maybe even as a delicacy. The author has personal experience of whole rabbit (including the 
entire head with eyeballs) being served in France, where all meat would be eaten and parts (like 
the brain) were considered a treat. The aim of this experiment was to examine whether 
8: Experiments: Disarticulation and dismemberment 
476 | P a g e  
deliberate cheek removal would leave any distinguishing signatures on the underlying bones. If 
so, these could provide a further means of identifying anthropogenic modification. 
 
 
Figure 8.10: The anatomical position and connections of the masseter muscles. The superficial 
muscles overlie deep masseter muscles (Russell 1998, Fig.17.2). 
 
8.3.1.2 Method 
The cheeks were removed using a flint flake, and weighed. As on previous experiments, the 
bones were cleaned and examined microscopically for cut-mark evidence. 
 
8.3.1.3 Experiment  
The rabbit heads were skinned, and both cheeks removed using thin, sharp flint expediency 
flakes to cut through the muscles. These were obtained from knapping débitage within the 
archaeology department. No attempt was made to remove the cheeks either excessively slowly 
and carefully, or quickly and roughly, as it could have unnaturally influenced the results. The 
cheeks were weighed to give an indication of the amount of meat obtained, then the heads were 
skeletonised and cleaned as before. Finally, they were examined for cut-marks using a low 
power (x50) binocular microscope. 
 
8.3.1.4 Results  
The cheek (masseter) muscles comprised small, thin, dark red discs of flesh, commensurate with 
well-oxygenated muscles in regular use, and were fairly easily removed. The weight of each two 
cheeks was less than 1g. After cleaning, careful examination of the skull and mandible using the 
binocular microscope showed evidence of cut-marks. While these varied in their presence and 
location they were particularly evident on the zygomatic arch and the exterior surface of the 
mandible. The modifications arising from cheek and tongue removal are described in more 
detail in Section 8.3.3, as both were carried out using the same rabbits’ heads. 
8: Experiments: Disarticulation and dismemberment 
P a g e | 477 
 
8.3.2 Tongue removal 
The second modification was to remove the tongue. These were removed after the cheeks had 
been excised. 
 
8.3.2.1 Rationale 
Leporid bones from archaeological assemblages often exhibit a diverse range of mandibular 
fractures. For example, leporid mandibles examined from North American archaeological 
assemblages were often found to have damage or fractures just inferior to the condyles and 
coronoid processes. While such damage could arise during the course of normal depositional 
and post-depositional processes, such as trampling or later sediment overburden, a further 
possibility was that damage occurred prior to deposition. It was hypothesised that some 
breakage could result from certain butchery processes. One theory was that the jaw was broken 
at this point during tongue removal, and this action could impinge on the mandible, leaving cut-
marks or damaging it during forceful disarticulation. While eating such a small-sized morsel 
may seem far-fetched, according to Apicius the Romans considered lark tongues a delicacy 
(Dalby and Grainger 1996, 16). Animal tongue (from larger species like cattle) is eaten today 
and it is possible that tongue from other species could have been eaten in the past. Therefore, 
the purpose of this experiment was to remove the tongues from several rabbits to see whether 
this left any particular signature, which could then be compared with archaeological 
assemblages. 
 
8.3.2.2 Method 
Anatomically the tongue is connected via soft tissue to the inner surface of the mandible 
anteriorly and laterally, while the proximal end connects to the hyoid. Removal necessitated 
severing these connective attachments, and was performed using a flint expediency flake as with 
the previous experiment. The residual bones were cleaned and examined using a low-
magnification binocular microscope. 
 
8.3.2.3 Experiment 
While removing the tongue seemed a straightforward procedure, the small size of the rabbit and 
surprisingly strong muscle connections made the process more difficult than expected. As three 
rabbits were used several approaches were tried, including removing the tongue from inside the 
mouth by pulling open the jaw or severing tissues the restricting mouth corners, or by cutting up 
from below the mandible.  
 
8: Experiments: Disarticulation and dismemberment 
478 | P a g e  
8.3.2.4 Results  
Removing the tongue required that each rabbit’s mouth was opened wide enough to gain access 
to it, which necessitated forcing the mouth open and/or slicing through the mouth corners. The 
tongue was removed by cutting along the lingual side of the mandible to separate it from its 
connective tissue attachments. Cutting too low down at the proximal end of the tongue resulted 
in part of the hyoid bone being left attached to it, while cutting it more anteriorly resulted in loss 
of some of the tongue tissue, though left the hyoid intact. Each tongue weighed less than 1g, 
while the resultant bone modification and number of cut-marks varied. The results are outlined 
below.  
 
8.3.3 Results of cheek and tongue removal 
The results from each rabbit are now outlined individually, and then interpreted. 
 
8.3.3.1 Rabbit 1 
Rabbit 1 had its tongue removed with the mouth pulled open, and the corners cut. It bore 
evidence of fine cut-marks on the left zygoma, and on four areas of the exterior aspect of the 
mandible (Figure 8.11), particularly the ascending ramus (Figure 8.12). Cut-marks were also 
present on the interior, lingual aspect of the horizontal ramus. 
 
 
                        
Figure 8.11: Diagram indicating the position of cut-marks on the exterior aspect of Rabbit 1’s 
mandible; namely the ascending (2,3) and horizontal rami (1), and the condylar process of the 
temporo-mandibular joint (4), and on the interior side of the horizontal ramus (5*). 
 
  Location of cut-marks 
      *        Interior aspect 
 
4 
3 
2 
1 
5* 
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Figure 8.12: Rabbit 1: Cut-marks on the lower anterior aspect of the ascending ramus of the 
mandible. 
 
8.3.3.2 Rabbit 2 
Rabbit 2 was subjected to minimal cheek cutting, and the mouth sides cut so it could be opened 
to remove the tongue. On examination, cut-marks were present on the zygoma, though only on 
the superior aspect and the left side (Figure 8.13). There were also cut-marks on the exterior 
surfaces of the mandible, with the majority on the horizontal ramus below the molar teeth, and 
in the masseteric fossa (Figure 8.14). The right mandible revealed a small cut-mark on the 
junction of the two rami (Figures 8.15 and 8.16), though significantly less than on Rabbit 1. 
Microscopic examination of the right mandible revealed an irregular area on the coronoid 
process where the bone appeared to have peeled up (Figure 8.23), as discussed below. 
 
                       
 
Figure 8.13: Diagram indicating the site of cut-marks on the inferior aspect of the zygoma of 
Rabbit 2.  
 
  Cut-marks 
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Figure 8.14: The position of cut-marks on the exterior left mandible of Rabbit 2.  
 
                    
Figure 8.15: Rabbit 2: Cut-mark on the exterior part of the ascending ramus of the right 
mandible. 
 
               
Figure 8.16: Small cut-mark (arrowed) on the right mandible of Rabbit 2, posterior to the molars 
on the ascending ramus.  
Masseteric fossa 
  Location of cut-marks 
 
  Area of ‘peeling’ 
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8.3.3.3 Rabbit 3 
For Rabbit 3 the cheeks were removed, and the tongue accessed by cutting the mouth sides and 
pulling strongly to force open the jaw. When examined no cuts were seen on either side of the 
mandible; the only cuts visible were on the inferior border of the zygomatic arch and aligned 
horizontally. Some damage had been incurred by the condyle, and an area of ‘peeling’ was 
present on the inferior aspect of the zygoma (Figure 8.17), unlike the other rabbits. The 
interpretation of this and other results is examined below. 
 
               
 
Figure 8.17: Rabbit 3: An area of ‘peeling’ was present on the inferior aspect of the zygomatic 
arch. 
 
8.3.4 Interpretation 
8.3.4.1 Cut-marks 
Cut-marks on the skull and jaw of small mammals may be seen as deriving from four main 
actions; these are skinning, removing external meat such as cheeks (defleshing), extraction of 
internal structures like the tongue, or disarticulating bones. While some of these actions leave 
specific signs, for others there may be overlap. Firstly, the cut-marks produced by cheek and/or 
tongue removal differ from those produced by skinning, which tends to produce marks around 
the muzzle or on the cranium due to the proximity of skin to underlying bone. Skinning the 
cheek area is unlikely to cut bone, given that there is muscle protecting it, but with cheek 
muscle removal the underlying bone is more likely to incur cuts. 
 While the site of cut-marks resulting from cheek and/or tongue removal may seem to 
potentially overlap, an understanding of rabbit musculoskeletal anatomy shows that each action 
is likely to cause cut-marks in a particular place. For example, examining the skull (Figure 8.18) 
and cheek muscle location (Figure 8.10) show that cheek removal would undoubtedly leave 
marks on the exterior, buccal surface of the mandible due to their proximity, but cut-marks are 
also likely to occur on the zygomatic arch given the muscle attachment sites, and because the 
bone projects outwards when viewed from the front (Figure 8.19).  
  Area of ‘peeling’ 
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Figure 8.18: European rabbit skull, seen from the left side. 
 
        
Figure 8.19: European rabbit skull, seen from above (left) and the front (right). 
 
 Conversely, tongue removal can leave cut-marks on the lingual aspect of the mandible, 
produced when severing soft tissue attachments. Cuts can also be inflicted on the ascending 
ramus due to its anatomical position, when slicing the mouth corners deeply when opening the 
mouth wider to gain better access (Figures 8.20 and 8.21). However, the zygoma is unlikely to 
be cut during this action. 
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Figure 8.20: European rabbit skull, with mouth open. The dotted line indicates the direction in 
which the soft tissue of the mouth would have been cut to open it further and enable access to 
the tongue. 
 
 
Figure 8.21: Radiograph of a rabbit’s head, showing the bones of the skull and neck, soft 
tissues, and the position of the tongue (palatal surface shown by the white line). 
 
8.3.4.2 Other damage 
Microscopic examination of the mandibles revealed that the superior aspect of the coronoid 
process was often damaged (Figure 8.22); while only three mandibles were examined this 
feature was present on five of the six coronoids present. This lesion appeared as a broken, 
‘peeled’, or irregular area on the coronoid surface (Figure 8.23), and a spicule of bone was still 
attached on one (Figure 8.24). A potential cause was incidentally cutting superficial bone when 
slicing through tissues during tongue removal, but this was ruled out as the above images 
demonstrate that the coronoid process is obscured (and so protected) by the overlying zygomatic 
arch, regardless of whether the rabbit’s mouth is open or closed (Figures 8.18 and 8.20). 
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Figure 8.22: The position of bone damage on the coronoid processes of the rabbits’ mandible. 
 
                
Figure 8.23: Possible site of bone avulsion, created by forcibly opening the rabbit’s mouth and 
causing muscle to pull from its bone attachment.  
 
             
Figure 8.24: Cut or avulsed bone fragment on the coronoid process of the mandible (arrowed on 
inner diagram). 
 
  Area of ‘peeling’ 
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 A more plausible explanation for these lesions is it deriving from avulsion
25
 of the bone 
surface. Avulsion fractures occur when a fragment of bone cortex is pulled away by a tendon or 
ligament at its attachment site, and often results from sudden, strong contraction of a muscle. 
While cutting may seem a more likely cause, especially where the bone fragment remained 
attached, the irregular surface of the damaged bone is more suggestive of avulsion, with the 
bone fragment torn off during forcible opening of the mouth. But in each case the remaining 
lesion has an uneven surface, unlike one that has been cut or chopped. Furthermore, the deep 
masseter muscles would be attached here (see Figure 8.10). 
 Similar features were seen on the zygomatic arch of Rabbit 3 (Figures 8.17 and 8.25), 
where an area of ‘peeling’ was present on the inferior outer aspect. This was also attributed to 
avulsion, with pulling on the masseter muscles of the cheek to open the mouth causing this 
trauma, and on its masseteric fossa where there was an irregularly edged border that 
corresponded to an attachment site for the superficial masseter muscle (Figure 8.26). This too 
could be a potential indicator, but need more research.  
 
           
Figure 8.25: The position of ‘peeling’ on the inferior aspect of Rabbit 3’s zygoma, which could 
reflect the position of muscle fibres.  
 
                                                     
25
 Avulsion fractures are discussed in more detail in Section 8.5, with regard to similar injuries to limb 
bones. 
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Figure 8.26: Rabbit 3: the masseteric fossa of the left mandible, exhibiting an irregularly-edged 
border. 
 
 Finally, there was also damage to one articular condyle that was again probably caused 
by forcibly opening the rabbit’s mouth (Figure 8.27), perhaps wider than the others, but as it 
occurred in only one instance it was considered an incidental result and unlikely to be reliably 
indicative of ‘usual’ anthropic activity. 
         
           
Figure 8.27: Damaged left condyle (top), and comparison with the right normal condyle (below). 
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8.3.4.3 Discussion  
Despite the process of forcibly opening the mouth and severing the connective tissues to remove 
the tongue, there was remarkably little effect on the bones. Cut-marks were only present on 
three mandibles, on interior (Figure 8.28) and exterior surfaces, with no damage to the 
remainder of the skull apart from the coronoid process.  
 
                       
Figure 8.28: Cut-marks on the lingual aspect of a left mandible horizontal ramus, produced 
during tongue removal. 
 
 The resultant absence of visible cut-marks on the rabbits’ heads could be caused by 
several possibilities: either the cheek flesh was cut shallowly so that the flint was not near bone, 
the person removing them was careful enough not to leave any marks, or any residual cut-marks 
were so fine they could not be detected under the magnification used. 
 
8.3.5 Comparison with archaeological rabbits 
Comparison was made with the coronoid processes on mandibles of rabbits from archaeological 
assemblages.  
 
8.3.5.1 Kent’s Cavern 
The coronoid processes on the hare mandibles from Kent’s Cavern varied (Figure 8.29). While 
one was undamaged (Fig.8.29d), another was intact apart from a thin sliver off the upper surface 
that could relate to avulsion. The others were broken and wavy, more suggestive of deliberate 
modification. One had a very irregular surface, more reminiscent of gnawing than breakage 
from forcible opening of the mouth and the associated bone damage.  
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Damaged coronoid process 
Coronoid process with minimal 
damage 
b) 
c) 
Wavy edged coronoid process 
a) 
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Figure 8.29: Hare mandibles from Kent’s Cavern, with varying damage to the coronoid 
processes that may result from anthropogenic processing. 
 
 The question has to be whether this change is really due to human processing, or the 
result of subsequent post-depositional damage, such as from heavy overlying sediments? While 
these bones came from an occupation layer it would be useful to categorically identify this 
modification as deriving from one or other cause. There was significant damage to the 
ascending ramus on at least two of the mandibles, as was also seen on the Wallace Ruin leporid 
bones, and this might be a better indicator? However, the bone is very thin and fragile, and 
could be susceptible to breakage there as a matter of course during burial by site sediments over 
time.  
 
8.3.6. Comparison with ‘control’ rabbits 
As a comparison, the mandibles of ‘control’ rabbits were examined to exclude the possibility 
that the various appearances of the coronoid processes were purely anomalies, rather than 
deriving from human-induced modification. 
 
8.3.6.1 Herm rabbits  
The coronoid processes were examined on eight mandibles of rabbits (Oryctolagus cuniculus) 
collected on Herm. Of these, seven showed no evidence of a ‘peeled’ surface or avulsion-type 
characteristics. However, the coronoid on the eighth mandible had an irregular, wavy surface, 
although this was dissimilar to those from the experiments in that it appeared intact, with no 
semblance of peeled cortical bone. 
 
d) 
Coronoid process undamaged 
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8.3.6.2 Cortez kiva rabbits 
The coronoid processes were examined from three ‘control’ rabbits (Sylvilagus spp.) recovered 
from an experimental kiva in Colorado. Five of these appeared completely normal with the 
coronoid intact and curving inwards (Figure 8.30), and no evidence of an irregular surface or 
avulsion. On the sixth mandible the area generally appeared slightly wavier, similar to the one 
from Herm. 
 
                       
Figure 8.30: The normal coronoid process on Cortez control rabbit 3. 
 
8.3.7 Discussion  
The traces left on the cleaned rabbit bones from cheek and tongue removal were subtle, and in 
most cases would have been difficult to identify without microscopy or some form of 
magnification. The evidence generally comprised a few cut-marks; those present were mainly 
sited on the mandibular rami, zygomatic arch and coronoid process. However, this could partly 
be attributable to operator inexperience. Regularly processing rabbits this way would increase 
the speed with which the tongues and cheeks were removed, and while initially could cause an 
increase in cut-marks, with repeated practise could equally well result in less damage. 
  For these experiments the tongue and both cheeks were removed from each head. While 
this could potentially mean that the resulting bone modification was ascribed to the wrong 
action in most cases the location on the head would be indicative of the activity. Using one head 
per action may have been preferable, but prehistoric hunter-gatherers could have carried out 
both methods on the same animal. Furthermore, it was considered ethically more acceptable to 
limit the number of rabbits used, though resulted in a smaller sample size; plus subsequent 
skeletisation of larger numbers of rabbits would have taken longer.  
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 Unfortunately, it is not known if normal taphonomic processes would affect the surface 
of the coronoid process, as those from Herm appeared normal and unbroken, while those from 
Cortez were either normal or wavy. It is possible that buried bones could suffer damage from 
overlying deposits, causing the wavy edge, or may represent normal anatomical variations. 
More research would be needed to differentiate between these, using a larger sample size or 
rabbit bones of known provenance. 
 
8.3.8 Conclusion 
Despite their small size, it is possible that the tongue and/or cheeks of small mammals could 
have been utilised in prehistory. If this were the case, this provides a further potential means of 
identifying human use of small mammals. The above experiment shows that such processing 
can often leave cut-marks, particularly on the mandibular rami or zygomatic arch, though 
operator experience could result in a corresponding increase and decrease in the marks present. 
Nevertheless, these indicate areas to carefully examine on archaeological remains. 
 
8.4 Hyperextension: Limb joints 
Hyperextension (over-extension) of limb joints occurs when the joint is bent backwards in the 
opposite direction to which it normally bends, ultimately causing dislocation and/or perhaps 
breakage. This can occur during preparation of animal carcases, such as during jointing; 
whether dividing a carcase in readiness for cooking or between people during consumption. 
Recognising such signatures would make it a useful indicator of human utilisation. 
 
8.4.1 Background 
The experiments here resulted from reading about research into the effects produced on bird and 
sheep bones by hyperextension and disarticulation of the elbow, and focus on examining around 
bone articulations for potential damage from anthropic activities. The original research was 
initiated after specific types of lesions were noticed in snow ptarmigan (Lagopus lagopus) ulnae 
and humeri, and the radii of snowy owl (Nyctea scandiaca), which had been recovered from 
French Palaeolithic cave sites, such as Combe Saunière (Dordogne, France)(Laroulandie 2005b) 
(Figure 8.31). 
 Subsequent experiments on uncooked bones of birds (buzzard, chicken and modern 
ptarmigan) led that author to establish that hyper-extending their wings resulted in similar 
characteristic breakage patterns in the proximal ulna, and “notch and medial wrench” 
morphology in the distal humerus. This derived from disarticulation of the elbow joint, 
producing changes that ranged from light squashing of the olecranon fossa, the production of a 
hole (with or without an attached flake), to the avulsion of the entire medial aspect of the 
articulation (Laroulandie 2005a, 26; Laroulandie et al. 2008) (Figure 8.32). 
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Figure 8.31: a) Ptarmigan (Lagopus lagopus) humeri from La Vache cave (France), with varying 
degrees of perforation of the olecranon fossa. b) Breakage patterns in ulnae from the same 
species (Laroulandie 2005b, Figs.10 and 11). The distal ulna has also been fractured by similar 
disarticulation from the carpo-metacarpus. 
 
 
 
 
 
 
 
 
 
 
 
a) 
 b) 
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Figure 8.32: Disarticulation damage to the distal humeri of grey partridge (above) and owl 
(below) from experiments on uncooked bones (Laroulandie et al. 2008, Fig.1). 
 
 The same authors also carried out similar overextension experiments on defleshed and 
cooked sheep elbows, though first cutting the joint ligaments, and identified breakage patterns 
and crushing scars on the anconeal process of the ulna, created by the distal humerus impinging 
on it. While there was minor variation in fracture morphology (Figure 8.33), all occurred on the 
same place on the bone. However, while they were able to find comparable archaeological 
examples on bird bones, they found no comparable equivalent on ungulate bones. Probable 
evidence of dislocation from hyperextension was reported on French archaeological faunal 
material from small mammals. Examples include mountain hare (Lepus variabilis) from the 
Magdalenian site of Bois-Ragot, rabbit from Faurelie-II (Magdalenian/Azilian) (Laroulandie et 
al. 2008, 297), and recently Cochard et al (2012, 42) recorded seeing ‘scar and wrench’ patterns 
on leporid bones from Les Canalettes (a Mousterian rock-shelter site) (Laroulandie et al. 2008, 
297), though included no images of them. 
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Figure 8.33: Above: Negative ‘scar and wrench’ disarticulation marks on a sheep ulna, caused 
by over-extension of the elbow joint. Below: Hinge fracture on a sheep’s ulna that was subjected 
to hyperextension.(Laroulandie et al. 2008, Fig.4). 
 
8.4.2 Rationale and aims 
While research into hyperextension fractures was performed on birds and sheep, no such 
experimentation has been performed on smaller mammals’ bones to determine whether similar 
appearances are produced or if other typical signatures occur. Therefore, the aim of these 
experiments was to establish whether such fractures or damage to articular ends occurs in small 
mammal bones from anthropic activities and under what conditions, such as whether breakage 
specifically occurs in raw or cooked bone, and the resultant morphology or type of damage 
produced.  
 When considering the experiment, one theory was that the results should be more 
pronounced in mammals than birds, given the anatomical differences between the two 
taxonomic classes. In many birds the radius and ulna are of comparable length and extend only 
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a small way beyond the humerus at the elbow joint, so that the hyperextension required to 
separate the bones is likely to cause limited damage to the distal articulation of the humerus. 
There is, of course, inter-species variation in the structure of bird bones, dependent upon 
whether they are predominantly adapted for flight, swimming, diving (with denser bones) or 
totally flightless (Hickman et al. 2007), which means that the resultant fracture pattern 
appearance could potentially be affected by these differences. In mammals the olecranon 
process of the ulna extends further, so that hyperextension to disarticulate the joint would result 
in an increased likelihood of it impinging on the distal humerus and creating more-pronounced 
fracture damage (Figure 8.34). Though again, inter-species anatomical variation in morphology, 
size, and length of bones may mean that breakage patterns could reflect this variability. 
 
 
 
Figure 8.34: The right forelimbs of a) bird and b) rabbit, clearly showing the more pronounced 
olecranon process in the ulna of the mammal (Sievert 2005; after University of Dundee 2003). 
 
a) 
b) 
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 However, there are anatomical differences in the internal structure of bird and most 
mammal bones due to the intrinsic adaptation of bird bones for flight (Figure 8.35), so that 
mammal bones generally contain more compact bone and bone marrow in their long-bone shafts 
and so are somewhat more solid than the bones of many bird species. Such variation could 
influence the type of resultant fractures. 
 
                
 
8.4.3 Methodology  
European rabbits (Oryctolagus cuniculus) were used for these experiments, as they were an 
appropriate size for the research subject and generally availability through various sources, 
including local butchers and game dealers. Killing these species solely for the research project 
raised ethical issues, and so the rabbits were obtained dead from the above sources, and after use 
were consumed by people (where practical) or fed to domestic pets. 
 Following skinning and gutting, the dead mammals’ joints were subjected to either 
manual linear hyperextension along the long axis of the limb (so the joint was bent in the 
opposite direction to its normal articular plane), or twisted to mimic disarticulation during 
jointing. Bone fracture patterns seen at the rock-shelter site of Araguina-Sennola (Corsica) were 
attributed to the animals’ lower limb bones being broken-through prior to cooking, a practice 
still employed in France on rabbits (Vigne and Marinval-Vigne 1983, 242), and were potentially 
Figure 8.35: Sagittal and cross-sections of a 
herring gull humerus, showing the thin cortical 
wall and internal structure.  
Air spaces and stiffening struts replace most 
bone marrow, producing a light, strong bone 
(Higgins 1999, Fig.1 adapted from Proctor and 
Lynch 1993).  
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caused by these methods. For these experiments this was performed on the shoulder, elbow, hip 
and stifle (knee) joints.  
 Where possible (due to limited access to equipment) the rabbits were X-rayed while the 
bones were in situ. This was to examine the type of fracture pattern and extent of damage before 
the carcase was defleshed and skeletonised, and assess whether radiography added further 
information. Radiography was carried out by the author using digital medical diagnostic 
equipment (Siemens unit)
26
 (Figure 8.36). 
 
    
 
 The experiments were performed on a range of cooked and raw bones, to see if the 
fracture signature from disarticulation was affected by the state of the bone, as it has previously 
been shown that bone passes through three major stages when heated. With dry heat, there is an 
initial reduction of intrinsic water content, followed by combustion of the organic material, then 
finally the mineral undergoes modification and decomposition (Koon et al. 2003, 1393) so that 
surface changes such as cracking, warping or colour alteration are visible. Even short-term bone 
                                                     
26
 Exposure factors used: 62-64.5 kV and 3.2 mAs at an F.F.D. (film focal distance) of 100 cm. 
Figure 8.36: X-raying rabbit 
legs - Lateral view of the left 
forelimb. The plastic is to 
protect the X-ray cassette 
and does not affect the 
radiographic image.  
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heating, such as roasting flesh-covered elements, has been shown to produce changes in the 
collagen fibrils (Koon et al. 2003), while boiling increases bone crystallinity, porosity, and 
splitting factor (Roberts et al. 2002, 487) (Figure 8.37). Splitting factor (or crystallinity index) 
provides a measure of bone mineral crystal stability, and reflects a combination of the level of 
atomic ordering within the bone crystal lattice and crystal size (Stiner et al. 1995, 227). I 
considered that different preparation methods could theoretically affect the pattern of bone 
fracture, because if bone becomes more brittle with certain cooking methods this could amplify 
the degree of damage inflicted, whether through joint hyperextension, percussion of the bone for 
processes such as marrow extraction, or during consumption. 
 
 
Figure 8.37: Experiments using bovine rib bones has shown that bone splitting factor, 
crystallinity, and porosity increase with boiling due to protein loss (Roberts et al 2002, Fig.1).  
 
8.4.4 Experiment: The effect of joint hyperextension on bones 
The different cooking methods under which the animal carcases and bones were subjected to 
modification were: 
1. Uncooked  
2. Cooked: 
 a) Pit-roasted 
 b) Spit-roasted over an open fire 
 c) Oven-roasted 
 d) Pot-boiled over an open fire 
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8.4.4.1 Uncooked 
Three rabbits were acquired from a local game-dealer, which had been shot by a professional 
stalker. He had then skinned them, removed the heads, and interlinked the hind limbs for 
transporting. For this study all left limbs were subjected to linear hyperextension and right limbs 
to twisting disarticulation; this was performed soon after acquisition from the game-dealer, 
while fleshed. Due to the subsequent delay between joint hyperextension and access to an X-ray 
machine they were cooked (prior to radiography), in a roasting tin at 160ºC for an hour in a 
conventional oven in order to reduce decomposition and smell. As limb manipulation was 
restricted to what had taken place while the animals were fresh, this cooking would not have 
affected any fractures. All limbs were X-rayed using digital radiography with the rabbits in AP 
(antero-posterior) or PA (postero-anterior), and lateral positions (Figure 8.38). 
 
 
Figure 8.38: Hunted/Processed 1 (a.k.a raw rabbit 3) – right forelimb in (L to R) lateral, antero-
posterior (AP) and postero-anterior (PA) positions. 
 
8.4.4.2 Cooked 
The experiment was repeated on rabbit bones that had been cooked in different ways. The 
methods used were spit-roasting, pit-roasting, cooking in a conventional electric oven had all 
been gutted and skinned at the kill-site, had their heads and paws removed, and subsequently 
frozen, though were totally defrosted prior to being used. 
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Preparation: 
In preparation for pit- and spit-roasting, a 50cm diameter pit was dug, with inwardly sloping 
sides so the base diameter was slightly less than the rim diameter. The base was lined with 
granite stone slabs, with smaller pieces of granite and slate on the sides. A fire was lit in the pit 
and allowed to burn for 1 hour to heat up the stones (Figure 8.39), then more stones were added 
and the fire stoked up. The intention was to heat these stones well, as they would later cover the 
rabbits and cook them with their residual heat. 
 
  
Figure 8.39: Left: pit lined with stones. Right: the fire burning in the pit before the remaining 
stones were added. 
 
8.4.4.2.1 Spit-roasting 
Spit-roasting was carried out first to allow the stones extra time to heat up. The fire initially 
burned until the flames subsided and then three rabbits were suspended over it, skewered on 
fresh hazel sticks as spits. As the rabbits had been cut ventrally to gut them they were tied onto 
the spits using supple fresh willow bark from nearby trees to prevent the animals’ hindquarters 
from falling into the fire. Two spits were supported at both ends, and the other was supported at 
one end, so all were at different distances from the fire (Figure 8.40).  
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 The rabbits were spit-roasted for 90 minutes, until considered adequately cooked 
(Figure 8.41). The first animal was defleshed using a chert flake, then the left limbs subjected to 
linear joint hyperextension, while the right limbs were disarticulated using a twisting motion. 
The second rabbit’s joints were all subjected to linear hyperextension, while all those of the 
third rabbit were disarticulated by twisting. The meat from all the rabbits was removed for 
consumption and all three were skeletonised by a combination of boiling and maceration. 
 
                  
Figure 8.41: The cooked spit-roasted rabbits. Note the blackened neck area. 
 
8.4.3.2 Pit-roasting 
After spit-roasting was completed the fire was prepared for pit-roasting the remaining three 
rabbits. The embers and top layer of hot stones were removed and several protective layers of 
fresh cabbage leaves were placed on the hot base rocks, to help keep the rabbits clean. The 
rabbits were placed on these leaves, along with herbs and vegetables, and the contents sealed 
Figure 8.40: The 
position of the three 
rabbits suspended 
over the fire. 
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with more cabbage leaf layers. The hot rocks and embers were replaced over the rabbits and 
vegetables, and the whole pit covered with a thick layer of earth, then left to cook (Figures 8.42 
and 8.43). This whole process was carried out quickly (in less than five minutes) to prevent 
excessive heat loss from the pit. 
 
                            
Figure 8.42: The rabbits placed in the pit on a bed of cabbage leaves, with vegetables. The hot 
rocks and embers are adjacent to the pit, waiting to be placed over a covering layer of cabbage 
leaves. 
 
  
Figure 8.43: Left: the hot rocks and ashes replaced over the meat. Right: the whole pit covered 
with a thick layer of earth to retain heat. 
 
 The cooking time was estimated, based on the time needed to spit-cook the rabbits plus 
a little additional time as it would be difficult to replace the rabbits into the pit for further 
cooking once it was opened. Consequently, the pit was opened after the rabbits had cooked for 
two hours. On examination, all three rabbits (and vegetables) were well-cooked, though it was 
obvious that a thicker layer of protective leaves was needed as ashes and earth had managed to 
seep onto the rabbits (Figure 8.44), and had to be washed off before eating. 
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Figure 8.44: The cooked rabbits and vegetables after removal from the pit, and still covered with 
a light covering of ashes and earth. 
 
 As with the spit-roast experiments, one rabbit was immediately defleshed (and 
consumed with the vegetables) and the joints disarticulated using linear hyperextension (left 
legs) or twisting motion (right legs). The second and third rabbits’ joints were all subjected to 
linear hyperextension and twisting disarticulation respectively before the meat was removed and 
eaten, and the remains skeletonised for detailed examination. While the experiment was 
concerned with investigating potential bone damage and effects rather than actual cooking, all 
present agreed this culinary method was successful and produced a tasty result. 
 
8.4.4.2.3 Cooked: Pot boiled 
After the other experiments had been completed the pit fire was also used to boil rabbit in a pot. 
A vessel 15cm in diameter, and 12cm high was used, which was two-thirds filled with water. 
This was placed towards the side of the pit to reduce the direct heat to the vessel, and help 
support it. Cooking took 100 minutes because of having to keep topping up the water as it 
evaporated, and then bring it back to the boil. 
 
8.4.4.2.4 Cooked:  Oven-roasted 
As a further variant, a rabbit was cooked in a roasting tin at 160ºC for an hour in a conventional 
oven.  
 
8.4.5 Experiment results 
The skeletonised rabbit bones from the experiments were examined macro- and microscopically 
with a hand lens (x10 magnification) and low magnification stereo zoom microscope (x50 
maximum) for evidence of fractures or other changes. Features specifically noted were: 
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 Overall bone appearance (such as colour change, warping) 
 Damage to shafts, and the nature of any fractures 
 Damage at articular ends or their surfaces 
 
8.4.5.1 Uncooked rabbit 
The most noticeable feature of trying to hyperextend the elbow joint in the uncooked rabbit was 
that it was simply too tough in its fleshed state, and the same problem occurred when trying to 
disarticulate it by twisting. Consequently, it was necessary to cut the overlying soft tissues 
slightly and then manipulate the joint, with further cutting needed to sever the joint completely. 
Unfortunately, such action may have severed ligaments and tendons that would have held the 
joint in articulation and the elements close to each other, so that any manipulation following 
cutting may have disarticulated the joint before the humerus and ulna could impinge on each 
other and caused fracturing or avulsion. 
 
8.4.5.1.1 Preparation and processing observations 
Helical fractures were present on the distal tibiae of Rabbit 3 as the result of paw removal. 
 
8.4.5.1.2 Hyperextension and disarticulation 
The majority of bones had sustained little damage from either linear hyperextension and none 
from twisting disarticulation (Tables 8.3 and 8.4).  
 
Table 8.3: Uncooked, fleshed rabbit, subjected to linear hyperextension 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Left limbs) 
Rabbit 3 
(Left limbs) 
Element Fusion  Fusion  Fusion  
Scapula F N F 
Fractured 
suprahamate 
  
Humerus P - N PF N   
Humerus D - N DF N   
Ulna P PF N PF 
Damage to anconeus 
Crushed area? 
  
Ulna D DF N DF N   
Radius P PF N PF N   
Radius D DF N DF N   
Pelvis F N F N F N 
Femur P PF 
Hole on 
lateral side 
PF N PU 
Irregular 
hole 
in shaft 
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Femur D DF N DF 
Circular lesion 
on condyle 
DU 
Area broken 
off epiphysis 
Tibia P PF N PF N PU N 
Tibia D DF N DF N - Fractured 
 
 Bones that were damaged during linear hyperextension included an ulna and scapula. 
The suprahamate had been broken off the scapula, and on the ulna of Rabbit 2 there was 
evidence of negative ‘scar and wrench’ marks, where the anconeus was damaged (Figure 8.45). 
There was also a probable area of crushing near it. No bones sustained damage from twisting 
disarticulation. 
 
          
                                     
 
 
 
Figure 8.45: Left and below: Area 
chipped off the anconeus during 
linear hyperextension of the left 
elbow (arrowed). This would be 
caused by the trochlear of the 
humerus impinging on it. 
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Table 8.4: Uncooked, fleshed rabbit, subjected to twisting disarticulation 
 
Rabbit 1 
(Right limbs) 
Rabbit 2 
(Right limbs) 
Rabbit 3 
(Right limbs) 
Element Fusion  Fusion  Fusion  
Scapula F N F N   
Humerus 
P 
- ? PF N   
Humerus 
D 
- - DF N   
Ulna P PF N PF N   
Ulna D DF N DF N   
Radius P PF N PF N   
Radius D DF N DF N   
Pelvis F N F N F N 
Femur P PF N PF N DU N 
Femur D DF N DF Chopped DU N 
Tibia P PF N PF N PU N 
Tibia D DF N DF N - Fractured 
 
8.4.5 2 Cooked: Spit-roasted 
8.4.5.2.1 Processing and cooking observations 
Helical fractures were present on all rabbits’ distal tibiae, radii and ulnae, as the result of paw 
removal. Of the three spit-roasted rabbits, colour change was only visible on the exposed 
fractured tibial shaft of one rabbit (Figure 8.46); it was not even present on the atlas and axis 
neck vertebrae of the same rabbit, which had seemed well cooked, perhaps even slightly burned. 
 
                   
Figure 8.46: Burning on the distal broken end of a spit-roasted rabbit tibia, no doubt due to 
exposure to the fire following shrinkage of the overlying flesh during cooking. 
 
8: Experiments: Disarticulation and dismemberment 
P a g e | 507 
 Only a small areas of colour change was visible on exposed bone ends (such as neck 
vertebra), and only on those not covered with flesh, due to contact with the fire. Though 
contraction of flesh during heating will leave more bone exposed. This minute amount of colour 
change was surprising, but would probably have been more pronounced had the bones 
protruded beyond the flesh more and in contact with flames. 
 
8.4.5.2.2 Hyperextension and disarticulation 
As with the uncooked rabbit, there was damage to the ulna (anconeus) of one of the spit-roasted 
rabbits that had been subjected to linear hyperextension when fully fleshed. The scapula of 
another rabbit treated similarly had a fractured spine (Table 8.5).  
 
Table 8.5: Spit-roasted rabbit, subjected to linear hyperextension 
(N = Normal; F = Fused; P = Proximal; D = Distal; * indicates fracture related to paw removal) 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Left limbs) 
Rabbit 3 
(Right limbs) 
Element Fusion Meat on Fusion Meat off Fusion Meat on 
Scapula  Fractured spine    
Fractured spine 
and hamate 
Humerus P F ?Area missing?     
Humerus D F N  Chopped across   
Ulna P  N    Anconeus fractured 
Ulna D - Fractured*   - Fractured* 
Radius P       
Radius D - Fractured*   - Fractured* 
Pelvis F N   F 
Fractured symphysis 
pubis 
Femur P  N  N   
Femur D  N  N   
Tibia P     - Fractured N 
Tibia D   - Fractured* - Fractured* 
 
 Two rabbits whose limbs had been disarticulated by twisting (Table 8.6) had damaged 
scapulae. Several bones had more ambiguous lesions, including an ulna and distal femur, with 
this latter potentially resulting from avulsion. The tibial tubercles of one fleshed rabbit appeared 
anomalous (Figure 8.47), though this was bilateral and more likely reflected the animal’s bone 
maturity, but the distal tubercle seemed to have avulsed off the right tibia whereas it remained in 
situ on the left side.  
 
8: Experiments: Disarticulation and dismemberment 
508 | P a g e  
 
Table 8.6: Spit-roasted rabbit, subjected to twisting disarticulation 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Right limbs) 
Rabbit 3 
(Right limbs) 
Element Fusion Meat on Fusion Meat on Fusion Meat off 
Scapula  N  Damage to spine  
Fractured 
inferior angle 
Humerus 
P 
NF H NF 
Fractured during 
twisting 
PF N 
Humerus 
D 
F N F N  N 
Ulna P  N PF ? Lesion  N 
Ulna D  Fractured*  Fractured*  Fractured* 
Radius P  N PF N  N 
Radius D  Fractured*  Fractured*  Fractured* 
Pelvis       
Femur P       
Femur D  
?Avulsion on 
lateral condyle 
 N   
Tibia P  ?Tibial tubercle  ?Tibial tubercle   
Tibia D  Fractured*  Fractured*   
 
   
Figure 8.47: Possible anomalous tibial tubercles from a spit-roasted rabbit subjected to twisting 
disarticulation. 
Left 
tibia 
Right 
tibia 
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 One humerus had fractured proximally during disarticulation (Figure 8.48), producing a 
spiral break along the bone. While it was recorded as having broken during the experiment, such 
as break on bones within an assemblage could be mistaken for deliberate breakage for marrow 
extraction. 
 
                   
                        
Figure 8.48: Rabbit humerus fractured during twisting disarticulation, producing a spiral fracture 
along the bone. 
 
8.4.5 3 Cooked: Pit-roasted 
8.4.5.3.1 Processing and cooking observations 
Helical fractures were present on all rabbits’ distal tibiae, radii and ulnae, as the result of paw 
removal. No heavy charring or pronounced colour change was evident on any bone from 
cooking the three rabbits, with only minimal localized patches of brown discoloration present on 
one tibia, while a fractured tibia showed that the marrow had burned brown. The thick layer of 
leaves seemingly protected the bones from direct contact with hot stones, though they may not 
have changed colour even without this. Crazing was noticed on one rabbit’s humeral head 
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(Figure 8.49), and on the femur (head and condyles), and tibial tubercle of another, which was 
attributed to their proximity to the hot granite stones used. 
 
           
 
8.4.5.3.2 Hyperextension and disarticulation 
Again the main elements affected on the pit-roasted, linear hyperextension rabbits were 
scapulae; with the inferior angle broken on two, and the spine and superior angle broken on a 
third. There was also a probable scar on one ulna (Table 8.7). The only damage from twisting 
disarticulation was a broken scapular spine (Table 8.8). 
 
Table 8.7: Pit-roasted rabbit, subjected to linear hyperextension 
(N = Normal; F = Fused; P = Proximal; D = Distal; * indicates fracture related to paw removal) 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Right limbs) 
Rabbit 3 
(Right limbs) 
Element Fusion Meat on Fusion Meat on Fusion Meat off 
Scapula F 
Fractured 
inferior angle 
F 
Fractured 
inferior angle 
F 
Fractured spine + 
superior angle 
Humerus P PF N PF N PF N 
Humerus D DF N DF 
Chopped 
Discoloured 
DF N 
Ulna P   PF N PF ?Scar 
Ulna D   - Fractured* - Fractured* 
Radius P   PF N PF N 
Radius D   - Fractured* - Fractured* 
Pelvis F N F Shot F Fractured symphysis 
Figure 8.49: Crazing on a 
rabbit humerus head, 
probably caused by its 
proximity to hot granite 
stones during cooking. 
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pubis 
Femur P PF N PF Crazing PF N 
Femur D DF N DF Crazing DF N 
Tibia P PF N PF Crazing PF Brown spotting 
Tibia D - Fractured* - 
Fractured* 
Marrow 
browned 
- Fractured* 
 
Table 8.8: Pit-roasted rabbit, subjected to disarticulation by twisting 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Right limbs) 
Rabbit 3 
(Left limbs) 
Element Fusion Meat on Fusion Meat on Fusion Meat off 
Scapula    Spine damaged  N 
Humerus P F 
?Area 
missing? 
 N PF N 
Humerus D F N  Chopped across DF Crazing 
Ulna P  N  ?Lesion PF ?Lesion 
Ulna D  Fractured*   - Fractured* 
Radius P     PF N 
Radius D     - Fractured* 
Pelvis     F N 
Femur P  N  N PF ?Lesion 
Femur D  N  N DF N 
Tibia P     PF N 
Tibia D    Fractured* - Fractured* 
 
 
8.4.5.4 Cooked:  Pot-boiled 
8.4.5.4.1 Processing and cooking observations 
There was no colour change to any pot-boiled bones, no doubt due to them being submerged in 
liquid throughout cooking.  
 
8.4.5.4.2 Hyperextension and disarticulation 
Both scapulae were damaged, with the acromion process broken off one, and the supraspinous 
area damaged on the other, but all other bones were normal (Table 8.9). The tibial tubercle also 
had an irregular area, but as with those from the spit-roasted rabbit it seems more likely related 
to maturity. However, Cochard et al (2012) also queried the appearance of tibiae on some bones 
from Les Canalettes, and it is possible that these result from this injury. 
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Table 8.9: Pot-boiled rabbit, subjected to linear hyperextension and twisting 
disarticulation 
(N = Normal; F = Fused; P = Proximal; D = Distal; * indicates fracture related to paw removal) 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Right limbs) 
 Linear hyperextension Twisting disarticulation 
Element Fusion Meat on  Fusion Meat on 
Scapula F 
Supraspinous area 
broken off 
F 
Acromion process 
fractured off 
Humerus P PF 
Degraded area 
round neck 
PF N 
Humerus D  N  N 
Ulna P PF N PF  
Ulna D - Fractured* - Fractured* 
Radius P PF N PF N 
Radius D - Fractured* - Fractured* 
Pelvis     
Femur P PF 
Cut-mark on 
trochanter 
PF  
Femur D     
Tibia P PF 
Area on inferior tibial 
tubercle 
PF  
Tibia D - Fractured* - Fractured* 
 
 
8.4.5.5 Cooked:  Oven-roasted  
8.4.5.5.1 Processing and cooking observations 
No colour change was present. 
 
8.4.5.5.2 Hyperextension and disarticulation 
Most bones were normal (Table 8.10), but one scapula was damaged with the acromion process 
broken off. The proximal right radius (Figure 8.50) and symphysis pubis were both fractured, 
with damage to the anconeus of the right ulna (Figure 8.51). 
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Table 8.10: Oven-roasted rabbit, subjected to linear hyperextension and disarticulation by 
twisting 
(N = Normal; F = Fused; P = Proximal; D = Distal; * indicates fracture related to paw removal) 
 
Rabbit 1 
(Left limbs) 
Rabbit 2 
(Right limbs) 
 Linear hyperextension Twisting disarticulation 
Element Fusion Meat on Fusion Meat on 
Scapula F N F Fractured acromion process 
Humerus P PF 
Irregular area on 
neck - ?Normal 
PF N 
Humerus D DF ? DF Anterior: Chipped trochlear 
Ulna P PF N PF Damage to anconeus 
Ulna D - Fractured* - Fractured* 
Radius P PF  PF Fracture across proximal end 
Radius D - Fractured* - Fractured* 
Pelvis F N F Fractured symphysis pubis 
Femur P PF Cut-marks PF N 
Femur D F 
?Cuts on medial 
condyle 
F N 
Tibia P PF N PF N 
Tibia D - Fractured* - Fractured* 
 
     
Figure 8.50: Damage to the posterior radius (left), and close-up of damage to the coronoid 
process of the ulna (right); both damaged from twisting the joint to disarticulate it. 
Fractured radius - ? Sheared off by twisting 
Damage to the 
ulnar coronoid 
process 
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8.4.6 Discussion of experiment 
There are many assumptions about how smaller species were used as a dietary resource, the 
methods used to prepare or cook them, and the type of bone modification signatures that could 
result from such action. What is clearly shown here is that despite the range of cooking methods 
applied to the rabbits in these experiments, with the limb joints subjected to traumatic linear 
hyperextension or twisting disarticulation, these results show little evidence of what 
Laroulandie (2005a) termed “notch and medial wrench” morphology on any bones, even the 
humeri or ulnae. The clear patterns she records on bird bones from archaeological deposits and 
experimentation (Figure 8.52) bear little resemblance to the paltry modification produced on the 
rabbit bones here. There could be several explanations for this, which could be ascribed to either 
anatomical differences or processing methods. 
Figure 8.51: Right rabbit 
ulna, with damage to the 
anconeal process and 
articular surface of the 
trochlear notch (arrowed). 
Coronoid process 
Anconeal 
process 
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 Firstly, bird bones are generally thinner-walled than rabbit bones, suggesting that the 
increased brittleness and thin cortex of bird bone renders them more susceptible to this insult 
and more likely to break, while rabbit bones are more robust with thicker walls. Another 
difference lies in the functions of the joints and the inherent pressures applied to them, due to 
the different mechanical and ergonomic forces placed on bird and rabbit bones, with the 
resultant anatomical design that has evolved to deal with these. Rabbits are quadrupeds, and 
their bones and joints designed to cope with downward, gravitational forces applied during 
weight-bearing and cursorial activities, and the elbows and knees broadly move in a linear 
plane. Conversely, most birds are adapted for flight, which requires a circular movement of the 
upper limb (wing) and strong supporting muscles and joints. Consequently, bird elbows may 
have stronger joint attachments to deal with this, but lighter bones, while in rabbits there is little 
difference between bone robustness and joint strength. So while forced disruption of the joint in 
birds damages the bone, in rabbits it results in dislocation rather than fractures. 
 
  
 
Figure 8.52: Damage to a) Snowy Owl (Nyctea scandiaca) radii, and b) humeri from Lagopus 
sp. (Laroulandie 2005a, Figs.3.5;3.4). 
 
 The other explanation could be a variation in processing methods, such as how 
vigorously force was applied to dislocate the joints (in the past recurrent practice would affect 
the manner in which this was done), cooking method, or how raw or cooked the joints were. 
Laroulandie’s (2000a; 2008) hyperextension experiments were conducted on uncooked bones, 
a) 
b) 
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rather than cooked bones, which may well make a difference. Only three uncooked rabbits were 
used in this experiment, and only one ulna had evidence suggestive of this modification. The 
cooked bones in this experiment produced a lower incidence of this bone lesion, suggesting that 
cooking could reduce the likelihood of damage occurring, perhaps softening the joint connective 
tissues or bone, making them more inclined to dislocation rather than fracture. But while there 
was generally little fracturing from disarticulating cooked bones, the oven-cooked bones 
produced more damage than others. This could mean that ‘dry’ cooking made bones more 
susceptible than cooking in a moist atmosphere, such as pot-boiling or pit-roasting. A final 
consideration is whether susceptibility to modification was related to cooking time or 
temperature, which could only be resolved with further experimentation. 
 
8.4.6.1 Les Canalettes (France) 
There is little reported evidence for this phenomenon occurring in small mammals, though 
recently Cochard et al (2012, 42) recorded seeing such patterns on leporid bones from Les 
Canalettes (France), a Mousterian rock-shelter, occupied by Neanderthals. Comparing the 
experiment results with findings on anthropically modified rabbit bones from Layer 4 of that 
site shows certain dissimilarities as the authors record that: 
 “…the olecranon region of the ulna is generally broken (22/32 or 67.8%). This observation, 
combined with instances of breakage near the radial fossa region of the distal humerus (4/28 or 
14.3%), may attest to the overextension of the elbow during disarticulation…”. Furthermore, 
“…Damage on the tuberosity of the tibia (6/10 or 60.0%) possibly indicates that severe 
pressure was applied against the cranial side of the distal femur during disarticulation of the 
knee. Likewise, the frequent absence of trochanters (7/12 or 57.3%) on the proximal femur may 
evidence disarticulation of the hip joint. However, the possibility that these forms of damage 
were inflicted during marrow cracking or by post-depositional processes cannot be 
dismissed…” (Cochard et al (2012, 42). However, no images of such lesions were included in 
the paper. 
  From the three uncooked rabbits used in this experiment, only one ulna (of the six 
used) with evidence suggestive of this modification, producing a relative occurrence of 16.6%. 
This broadly correlates to the findings of Cochard et al (2012, 42), who recorded a 14.3% 
relative occurrence of these modifications on rabbit bones from Les Canalettes rock-shelter.  
 
 The rabbit bones in the control and archaeological assemblages sampled during this 
research (see Chapter 10 for site details) were also examined for evidence of the type of changes 
noted on the hyperextension experiment bones. These are discussed later in section 10.9.2). 
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8.4.7 Discussion 
The experiment results imply that the lesion tends to occur more on uncooked bones and joints, 
or dry cooked bones (seen with the oven-cooked rabbits). In the absence of evidence for ovens 
at the site, it suggests that the rabbits from Les Canalettes were jointed before cooking or eaten 
raw without cooking. However, while a range of different cooking methods were tried here, it is 
possible that alternate cooking methods were used, which resulted in a greater tendency for 
these bone modifications to occur. Rabbits could have been cooked directly on hot coals or 
charcoal, or in wooden or skin vessels with the water heated by hot rocks; it is in the 
Palaeolithic that fire-cracked rocks first appear (Nakazawa et al. 2009). Ovens have also been 
found dating from the Upper Palaeolithic, at the site of Dolní Věstonice (Svoboda 1991, cited in 
Gamble 1999, 80) though not yet in France. 
 The “notch and medial wrench” bone morphology that Laroulandie refers to comprises 
crushing injury to bone and avulsion fracture, with muscle attachments pulling a fragment of 
bone off the surface. However, the small size of the crushing scar is difficult to see on sheep, let 
alone rabbit bones, which are much smaller, and microscopy is essential to see any such 
changes. 
 
8.4.8 Conclusion 
Helical fractures were present on all distal tibiae, radii and ulnae, as the result of paw removal. 
These characteristics were seen at all sites, including on hare from Kent’s Cavern and Whitehall 
Farm, and seen as removal and discard of low meat utility elements, most likely at the time of 
skinning. Of the experiment bones, scapulae seem susceptible to damage, although those from 
pit-roasting could have been affected weight of coals and ash. This susceptibility may be partly 
attributed to the thin nature of the bone, though rough handling of the forelimbs during 
processing could also contribute to some effects seen in archaeological assemblages. 
While some results here seem to be ‘negative’, inasmuch as the change or modification 
evident on some bones was non-existent or negligible, it suggests that rabbits were either not 
processed this way in the past or the manner in which they were treated generally left no traces. 
The experiment has been beneficial in observing the level of changes produced on raw and 
differently cooked small mammal bones subjected to hyperextension and disarticulation. The 
rabbit that was cooked produced few significant features on bones from linear hyperextension or 
twisting disarticulation, the main exception being the one that was oven-roasted. Cooking must 
enable the bones to separate more easily, making any potential change from bone impinging on 
bone, or muscle avulsion from bone at tendon insertion sites, extremely unlikely, and making 
them more inclined to dislocate than damage the bone. This implies that this lesion tends to 
occur more on uncooked bones and joints, suggesting that the animals were jointed before 
cooking or eaten raw. 
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8.5 Avulsion fractures as a potential anthropic indicator 
This investigation developed after small, irregularly-shaped shallow ‘scars’ were noticed on 
rabbit femora during detailed examination of Pueblo leporid remains (Colorado, USA) from 
archaeological sites where human utilisation was known to have occurred, though some later 
intrusions were also probably present. These ‘scars’ comprised areas where a thin layer of 
superficial cortical bone appeared ‘missing’ or defective (Figure 8.55). While these lesions were 
variously situated on different parts of bones they tended to occur at the same sites on elements 
in different animals of the same species, though the feature varied in size, shape and depth 
between different individuals, and it was unknown if they were normal anatomical landmarks or 
could potentially be avulsion sites and potentially indicative of human utilisation. This section 
further examines these changes, suggests a cause of them, and questions their use as 
anthropogenic indicator. 
                                   
 
8.5.1 Hypothesis 
From the author’s anatomy knowledge and radiography experience it was postulated that these 
areas corresponded with muscle insertion sites, with some representing avulsion fracture ‘scars’, 
particularly where the lesions were more pronounced by being irregularly-shaped or deeper. 
Given that most rabbit bones on Pueblo sites were probably deposited from human activity, the 
lesions were hypothesised as resulting from deliberate tearing or ‘avulsing’ the muscle tendon 
from bone during disarticulation or dismemberment of the rabbit, with such injuries created by 
forced hyperextension or derangement of joints during carcase processing activities like 
preparation for cooking, or during consumption. Avulsion fractures are now considered further; 
starting with their background aetiology, and then modern and archaeological evidence for this 
condition in humans and animals, including a study of healed avulsion trauma in a hare. Natural 
Figure 8.55: Posterior 
aspect of a Sylvilagus 
femur (proximal end), 
showing an irregularly-
shaped ‘scar’ area on the 
trochanter, thought to 
potentially represent the 
site of muscle avulsion 
from bone. 
Area of ‘missing’ or 
‘defective’ bone cortex 
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Sylvilagus and Oryctolagus casualties were compared with these bones, to determine whether 
unhealed lesions present at time of death tend to occur naturally. 
 
8.5.2 Avulsion fractures: Introduction 
Anatomically, soft tissues like tendon, muscles, joint capsules, or fascia connect to bone at 
attachment sites or entheses (Doschak and Zernicke 2005, 35;37). Such attachments may be 
entirely fibrous (usual in ligaments or tendons that attach to bone metaphyses or diaphyses 
entheses), or they may have fibro-cartilaginous insertions, such as those attaching to epiphyses; 
for example, the short carpal/tarsal bones and long bones (Benjamin and Ralphs 1998, 488). 
Such attachment structures are designed to withstand daily stresses and strains, but when 
loading on these becomes too great, such as during sudden powerful stressing of joints or 
tissues, one of three things happens to the bone-ligament complex. Either the ligament body 
tears, there is ‘cleavage at the bone-ligament junction through the mineralized fibrocartilage 
zone’, or there is avulsion fracture of the bone (Doschak and Zernicke 2005, 35;37). 
 Avulsion fractures as a consequence of trauma are a recognised orthopaedic condition 
in medical and veterinary circles, and the author has experience of X-raying people and animals 
with this condition, though archaeologically they are less well known, especially for animals. 
But while it is acknowledged that such lesions can occur in vivo as the result of trauma and 
subsequently heal over time, they may potentially be an important indicator of human 
exploitation within faunal deposits if proven to be created post-mortem during carcase 
processing or consumption. As such, they could serve as a further means of identifying human 
utilisation of smaller species, as non-human predators are considered less likely to leave such 
bone signatures. Most carnivores tend to chew through bones and the surrounding muscle rather 
than carefully tearing muscle off bone. Raptors do feed by tearing their prey apart to swallow 
smaller morsels, and so could potentially produce similar results, but the effects of digestion in 
the gizzard would leave surface polishing or attrition on bones from acid-etching. 
 
8.5.2.1 Avulsion fractures in humans 
Avulsion fractures occur when a fragment of bone cortex is pulled away by a ligament or tendon 
at its attachment site, and often occurs upon sudden, strong contraction of a muscle. 
Examination of medical literature indicates that the phenomenon is well-recognised in the living 
population, with avulsion fractures typically occurring at sites like the fifth metatarsal base, 
calcaneum (Figure 8.56), tibial spine or tubercle, lumbar spine, and elbow (see for example 
Adams 1972, 142, 281-282), with injuries even caused by normal activities like running or 
jumping. 
 All people are potentially at risk from avulsion fractures, but certain age groups appear 
more susceptible, though the evidence sometimes appears conflicting. Some authors suggest this 
trauma is more likely to occur in children, when bone is weaker and can damage more readily 
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than tendon or ligament (Cluett 2006). Others consider older individuals more prone to suffer it. 
From their research into cruciate ligament stressing in different aged individuals, Noyes and 
Grood (1976) perceived an increased risk of avulsion in individuals aged over 50 years due to 
reduced bone mass at the ligament attachment site, while younger individuals were more likely 
to sustain activity-related trauma, such as clay-shoveller’s fracture or ligament disruption. 
Hence, it is possible that the prevalent avulsion sites vary with age, with some fracture sites 
characteristic of younger people, and older individuals more prone to damaging other bones. 
 
                
Figure 8.56: Lateral radiograph of a human ankle, showing an avulsion fracture of the 
calcaneum. A fragment of bone has been pulled from the calcaneal tuberosity where the 
Achilles tendon inserts (McNaughton and Thomas 2006). 
 
 Archaeologically, these fractures are rarely documented for humans. They can be 
difficult to identify unless the avulsed fragment is present near its original site, and then 
recognized and recovered at excavation, or if subsequent healing has left visible evidence or 
resulted in bone misalignment. Recorded examples identified in human skeletal material include 
a young male from 10
th
 century Raunds Furnells (Northamptonshire), who suffered avulsion of 
both transverse processes of the first thoracic vertebra that was caused by some form of 
mechanical overloading or trauma (Upex and Knüsel 2009). Avulsion fractures were also 
Avulsed calcaneal 
fragment 
Fracture site and 
origin of fragment 
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identified in the spinous processes of lower cervical and upper thoracic vertebrae (Figure 8.57) 
in three Roman and medieval males (Knüsel et al. 1996), and a juvenile’s elbow (Knüsel 2011), 
and on skeletons recovered from the flagship Mary Rose, where six examples tibial tubercle 
avulsion, and one avulsed fifth metatarsal base (Stirland 2000a, 106-107). 
 
  
Figure 8.57: ‘Clay-shoveller’ avulsion fractures of the first thoracic (left) and seventh cervical 
(right) vertebrae in an adult Roman male from Baldock (Hertfordshire). Mechanical stressing 
from muscle action has torn off the vertebral spinous processes (Knüsel et al. 1996, Fig.2). 
 
 Further examples of avulsion include damage to the vertebral body, as shown by Maat 
and Mastwijk (2000), where scarring was found on the superior aspect of a thoracic vertebra 
that resulted from avulsion of the endplate (Figure 8.58). While such lesions may be present at 
all ages and in both sexes, these examples suggest predominance in males rather than females, 
and in adults rather than adolescents. But this may be purely circumstantial or biased by the 
knowledge and ability of the relevant osteoarchaeologist, or masked by subsequent bone healing 
and remodelling, which may preclude identifying chronic lesions without radiography. 
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 The nature of this condition means that it can also occur in smaller joints and bones 
when put under unnatural stressing, such as from twisting. One such example is ‘gamekeeper’s 
thumb’, a condition that occurred in English gamekeepers which resulted in damage to the 
metacarpophalangeal (MCP) joint of the thumb. This was an occupational hazard caused by 
twisting rabbits’ necks to kill them and consequently repeatedly stressed the MCP joint; though 
skiers also seemingly sustain similar injuries. The resultant damage is to the ulnar collateral 
ligament that either avulses from the distal phalanx (Figure 8.59b) or (rarely) the proximal 
metacarpal attachment, usually shearing off a small piece of bone (Resnick and Danzig 1976). 
 
  
Figure 8.59: a) How ‘gamekeeper’s thumb’ is caused. Pulling in the direction of the arrow with a 
loose grip puts strain on the ulnar side of the thumb. b) Post-mortem stress radiograph showing 
avulsed bone from the distal phalanx (arrowed) (Resnick and Danzig 1976, Fig.1A and 4B). 
 
Figure 8.58: Crescent-shaped  
scar from avulsion of the annular 
(rim) epiphysis with anterior 
displacement, on the ventral 
aspect of a human 10
th
 thoracic 
vertebra (Maat and Mastwijk 
2000, Fig.3). 
Avulsion scar 
a) b) 
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8.5.2.2 Avulsion fractures in animals 
The above examples clearly demonstrate the macroscopic and radiographic damage to various 
elements as the result of this insult in humans, but avulsion fractures also occur in animals and 
are a well-recognised veterinary condition with cases recorded for small and large animals. For 
example, horses can suffer avulsion fractures to the nuchal crest following blunt trauma, leading 
to symptoms such as headshaking (Voigt et al. 2009). Common sites for this trauma in smaller 
mammals include the femur, humerus (Piermattei et al. 2006, 25), and stifle, where avulsion is 
usually caused by a fall or small jump (Gower et al. 2008).  
 As with humans there is some question as to which demographic are most affected by 
this condition. Cluett (2006) asserts that bone is weaker in children and so more likely to avulse,  
suggesting this holds true for juvenile rabbits and perhaps other animals. However, this 
interpretation may be simplistic, as some authors have shown that for rabbits there is variation 
in avulsion site and susceptibility to fracture with age, though opinions into the timing of these 
have sometimes conflicted. Doschak and Zernicke (2005, 37) demonstrated that in the stifle, 
medial collateral ligament (MCL) failure from strain in juvenile rabbits always resulted in tibial 
avulsion, while in skeletally mature rabbits it mainly caused ‘mid-substance’ failure to soft 
tissue structures. Conversely, they cite Gao et al (1996) as showing that “…avulsion fracture 
was the most common mode of MCL failure in skeletally mature rabbits…” (Figure 8.60) using 
New Zealand white rabbits ranging in weight from 3.3-4.2 kg, with the most common site being 
the femoral insertion. 
                                 
Figure 8.60: Diagram showing a rabbit stifle and its associated ligaments femur, with an avulsed 
piece of bone (F = Femur, T = Tibia) (Gao et al. 1996, Fig.1). 
Medial Lateral 
Avulsed bone fragment 
Medial collateral ligament 
Anterior cruciate fragment 
Patellar tendon 
Patella 
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 Altunatmaz et al (2006) describe avulsion of the tibial tuberosity in five dogs and a cat, 
which were all treated surgically with internal fixation (Figure 8.61). They suggest the condition 
tends to occur in younger dogs (four to eight months old) due to the growth plates being 
relatively weaker than ossified bone (ibid. 2006, 899). They also state that particular breeds, like 
terriers and greyhounds, seem more susceptible, while Gower et al. (2008, 341) record a high 
incidence among Staffordshire bull terriers; though given the research sample derived from an 
inner-city veterinary charity this would bias the type of breeds examined. It is possible that 
unscrupulous breeding of certain dogs has resulted in a genetic predisposition to this injury, 
though given that most breeds were developed in the latter centuries means this will have little 
impact on most cases found archaeologically. 
 
   
Figure 8.61: Lateral radiograph of a dog’s stifle, showing A) Avulsion of the tibial tubercle B) 
Surgical repair by internal fixation (Altunatmaz et al. 2006, Fig.1). 
 
 Information on avulsion fractures in rabbits has been obtained by medical researchers 
investigating ‘pathomorphology of failed chondral insertion sites’. They use rabbit bones and 
joints, particularly the stifle (knee), as a proxy for human knee joints when examining the 
potential effects of orthopaedic surgery and prosthetic knee replacements. With regard to 
avulsion site, Gao et al (1996, 127) attribute the tendency to failure by avulsion (rather than 
tendon or ligament damage) to the change in the tissue material properties between bone and 
soft tissue. They suggest the tendency for avulsion is more pronounced when there is sudden 
transition from hard bone to soft tissue, whereas where this transition is more gradual, such as 
when a muscle attachment is in epiphyseal bone, there is seemingly less likelihood of avulsion 
occurring. They demonstrated this using strain velocity testing of the rabbit stifle in vitro, 
Avulsion fracture 
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showing that for the knee the main failure points were the cruciate ligaments (within the joint 
itself) and the medial collateral ligament. Both of these suffered avulsion fracture, while the 
patellar ligament tended to avulse from the patellar insertion. This research enabled microscopic 
examination of in vitro avulsion, showing the effect of the damage and tearing inflicted by this 
type of trauma to internal tissues (Figure 8.62), recording the frayed effect produced on fibro-
cartilage.  
 Through biomechanical investigation, it has also been demonstrated that for cruciate 
ligaments, mid-substance rupture occurs when subjected to a ‘fast rate of deformation’, while 
avulsion fractures tended to occur with a slow rate (Noyes et al. 1974, 236), with the latter 
occurring near the insertion site (Gao et al. 1996, 128), so it is possible that other ligaments 
react in a similar way. 
   
   
 
 However, regardless of age and site, while this lesion and its production mechanism has 
been demonstrated in vitro, it has yet to be identified in archaeological faunal remains. This is 
undoubtedly due to their usually fragmented nature from butchery and the fact that animals less 
commonly occur as whole, articulated specimens. Faunal remains are more susceptible to 
random, unstructured discard of disarticulated body parts into middens or pits, resulting in post-
Figure 8.62: Magnified (x25) 
view of medial collateral 
ligament (top) and posterior 
cruciate ligament (below) 
avulsion from the femur in a 
rabbit. Shown are calcified (C) 
and uncalcified (U) fibro-
cartilage (Gao et al. 1996, 
Figs.6a and 7). 
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depositional abrasion and damage, whereas human remains are mainly formally buried as a 
whole entity. 
 
8.5.2.2.1 Case study: Healed avulsion fracture in a European hare 
In order to unequivocally confirm that these lesions could arise from human activity it is 
necessary to compare these results with leporid bones from animals that have died naturally, or 
at least not been subjected to disarticulation by people, to prove that such changes are most 
likely inflicted anthropogenically. Unfortunately, as mentioned above, avulsion fractures can 
occur in a living individual, but unless inflicted peri- or post-mortem the affected bone will heal 
in some way. An example of this was identified on the acetabulum and proximal femur of a 
European hare (Lepus europaeus) in the zooarchaeological reference collection at Exeter 
University. Some minor abnormal unilateral changes (Figure 8.63a-c) were identified in the 
hare’s right hip region, causing asymmetry between the bones on the left and right sides. The 
contra-lateral left side showed no such changes, and was considered to be within normal limits 
when compared with another skeleton of the same species.  
 
   
 
Figure 8.63: a) Affected right acetabulum b) Posterior view of both femora, showing  
enthesophytes and increased bone deposition in the right side c) Right hip components, 
showing all three lesions. 
a) b) 
c) 
Lt Rt 
Raised healed 
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Enthesophyte 
Enthesophyte 
Acetabular 
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 The changes present in the right hip joint included part of the posterior border of the 
acetabulum that was slightly misshapen, being extended and everted with a localised area of 
bone loss and slight discoloration internally, and increased porosity externally. On the femur 
there was a raised ridge on its superior aspect lateral to the femoral head, which was thought to 
be an enthesophyte, and there was a small, irregularly shaped raised area on the medial, inferior, 
posterior aspect of the lesser trochanter. This latter lesion also corresponded to avulsion sites on 
the Wallace Ruin rabbits. Some minimal ridging in this area would be natural in an unaffected 
femur as it would correspond with a muscle insertion site (Figure 8.64), but the asymmetry is 
diagnostic of some mechanism or trauma specifically affecting the bones on that side. The 
presence of healed skeletal changes is indicative that the insult occurred in the living animal, 
and that it survived long enough for the lesions to heal. 
 
   
Figure 8.64: Hindlimb musculature in Lepus (Camp and Borell 1937, Figs.1 and 3). 
 
 The bones were initially examined macro- and microscopically, and photographed. 
They were then X-rayed to detect any internal changes or sub-cortical activity, and identify 
other possible lesions. The results showed little internal difference between the affected (right) 
and unaffected sites, though minor asymmetry was noticed in the pelvis (Figure 8.65). 
Comparison of these lesion sites with anatomical literature for European rabbit suggests that the 
capsula articularis, the articular capsule of the hip, was the structure compromised by the 
trauma, given its position and attachment to both the acetabulum and femoral head (Figure 
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8.66). Identifying the muscle insertion causing the lesions on the lesser trochanter is less easy, 
but may originate from the quadratus femoris (hamstrings) muscle. 
 
 
 
 
   
Figure 8.65: a) Antero-posterior radiographs of the hare femur. b) Ventro-dorsal view of the 
pelvis. Both show little asymmetry alteration or internally despite the external lesions 
(Radiographs: Author).  
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Figure 8.66: Anatomy of the rabbit pelvis, seen from the dorsal side. This clearly shows the 
position of the capsula articularis (Barone et al. 1973, Pl.30). 
 
 The presence of asymmetry between the hare’s left and right hips suggest anomalous 
bone growth due to pathological changes, interpreted as arising in vivo as the result of trauma in 
the living animal. The nature of this insult to the affected leg is of unknown aetiology, but may 
have arisen when the leg was caught or twisted (maybe even partially dislocated), causing the 
lesion in the acetabulum and resulting in avulsion of the muscle attachment from the femur. The 
animal clearly survived the traumatic event as there was subsequent healing and bone 
remodelling in these areas, leaving the ridged enthesophyte lateral to the right femoral head and 
the raised area at the muscle insertion site on the right femoral trochanter. There is also a minor 
degree of pelvic asymmetry present, which could also have resulted from the trauma, but the 
good state of healing and remodelling suggests that the original trauma occurred when the 
animal was young. At this stage the bones would be more ‘plastic’ and predisposed to 
subsequently fuse in such misalignment. 
 
8.5.3 Research methodology 
A major consideration was finding a methodology that could be flexible and accurate enough to 
identify what constituted the normal appearance of these sites, and so identify potential avulsion 
fracture patterns on different bones, regardless of period, context, or species, so enabling inter- 
and intra-site comparison. 
 The first step was to carefully examine rabbit femora from archaeological assemblages 
deriving from human activity, to see the typical locations for ‘scars’ and other such ‘anomalous’ 
lesions, and correlate these with muscle attachment sites to establish that avulsion could have 
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occurred at these points. The next stage was to ascertain the ‘normal’ appearance (or range of 
appearances), from rabbits that were not subjected to any bone modification by humans. So the 
initial findings from the potential avulsion sites were compared with bones from rabbits that had 
not undergone any anthropogenic pre- or post-mortem changes to the skeleton, using ‘control’ 
rabbit bone assemblages from Herm (Oryctolagus) and Cortez kiva (Sylvilagus)
27
, to see 
whether any similar patterns existed in those, and their extent. 
 A typological series of the range of lesions present was created, in terms of their size, 
shape, and depth. This was compared with the fusion state of the bone to see whether this had 
any effect on the lesions, and seeming more, or less, pronounced. Finally, bones from 
hyperextension experiments and leporid assemblages (that predominantly derived from human 
activity, like feasting) were examined for comparison. 
 
8.5.4 Results 
Microscopic examination was used to help identify the location and nature of such signatures on 
the bone surfaces, enabling identification of gross morphological changes and smaller, subtler 
ones, especially given the often superficial, shallow and ephemeral nature of these lesions. A 
low magnification Olympus SZ61 stereo zoom binocular microscope was employed, with x6.7 
to x45 magnification range, and images recorded using an Olympus DP12 microscope digital 
camera. In order to correlate the position of the ‘scars’ with known anatomical features like 
muscle insertion sites, or establish that they were unrelated to them, they were compared with 
literature on rabbit anatomy. Key sources consulted included Fostowicz-Frelik (2007), Camp 
and Borell (1937), and Crabb (1931), but particularly Barone (1973). But while these covered 
much musculoskeletal anatomy in detail, none had adequately detailed illustrations or 
descriptions of the leporid femur and its muscle insertion sites, so literature on other smaller 
mammals, such as dog (Evans and de Lahunta 2010), and human anatomy books (Stone and 
Stone 2006) were also examined. Several veterinary surgeons were asked about the availability 
of specialist literature on leporid anatomy, including those from London Zoo and several large 
University teaching departments. None knew of any relevant material, and the consensus was 
that the musculature would be similar for all smaller quadrupeds. However, the initial results 
from detailed osteological examination of archaeological specimens suggest that the accuracy of 
this assumption is questionable, due to minor inter-species variation in physiology and bone 
morphology. Furthermore, there is even evidence for interspecies variation in hindlimb anatomy 
between lagomorphs, such as Lepus, Oryctolagus, and Ochotona (Figure 8.67), as shown by 
Camp and Borell (1937), making the idea of a ‘common’ musculoskeletal anatomy clearly 
incorrect. 
                                                     
27
 See Chapter 7 for assemblage background 
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Figure 8.67: Comparison of the hindlimb musculature in Lepus and Ochotona (pika) (Camp and 
Borell 1937, Figs.3 and 4). 
 
8.5.4.1 Archaeological rabbits: Sylvilagus bones from Wallace Ruin 
Examination of the Wallace Ruin leporid bones showed identified ‘scars’ on the bones were on 
the femora in different places. These avulsion sites and any potentially anomalous features are 
now described below. 
 
8.5.4.1.1 Proximal femur 
1. On the anterior aspect, medial to the border of the lesser trochanter. Its location suggests that 
it probably resulted from avulsion of the vastus medialis muscle. 
 
2. There were two areas on the posterior aspect, both sited medially. The first (Figure 8.68a) 
was distal to the femoral head and so may correspond to the insertion site of the iliopsoas 
muscle, while the second (Figure 8.67b) was more distal and possibly from the quadratus 
femoris (hamstrings) muscle. 
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Figure 8.68: Anatomical landmarks (annotated after Barone et al. 1973, Pl.22) and possible 
avulsion sites, on the posterior side of a rabbit femur, produced by forcible tearing of muscle or 
tendon from the bone. 
 
 Examination of a number of femora from the site showed that the lesions on the 
posterior aspect varied in size and shape. Some femora exhibited little or no evidence of 
‘scarring’, while on others the extent of it varied (Figure 8.69). Quantification was difficult, but 
was assessed on the size of the area of bone lesion, edge irregularity, and unevenness. It was 
also perhaps significant that these changes seemed more predominant on bones of juvenile 
animals, though further examination showed it was present on fused and unfused bones.  
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Figure 8.69: Other avulsion examples from the same site of insertion, arranged as a series from 
greatest to least damage (Stages 1-4), in terms of size, unevenness, and edge irregularity. 
 
3. Several of the bones had sustained damage to the medial border of the greater trochanter, this 
varied in extent, location and nature. While some femora appeared to have lost a thin, 
superficial area of bone, and so seemed like avulsed bone, others appeared more consistent with 
other types of trauma, such as biting (Figure 8.70) and/or cutting. 
 
                                        
Figure 8.70: Damage to the greater trochanter. The hole in the centre looks like a tooth 
puncture, but at less than 1mm across is too small to be human, while the missing long shallow 
strip of bone is more likely to result from cutting or avulsion. 
 
8.5.4.1.2 Shaft 
4. A number of femora had an elongated lenticulate depression on the medial aspect of the shaft, 
in the proximal-midshaft region (Figure 8.71). It is thought that this position correlates with the 
pectineus muscle in humans and M. vastus medialis in dogs, though Fostowicz-Frelik (2007, 
Stage 4 Stage 3 
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454) ascribes both muscles as inserting here in Hypolagus beremendensis, a Plio-Pleistocene 
leporid. While this depression represents the muscle insertion site, pronounced irregular shaping 
or a deeper depression may again be created by tearing muscle off the bone. Again it is possible 
that juveniles have an increased susceptibility to this damage. 
 
 
Figure 8.71: Possible avulsion scar on the medial side of the femur shaft  that may be equivocal 
to the insertion site of the pectineus muscle in humans and M. vastus medialis in dogs. 
 
All such changes are seen as being the result of forced traumatic abduction of the limb 
during capture, transportation, during preparation for cooking, or during consumption. 
However, the above three scars could have arisen from traumatic dislocation of the hip, when 
the muscles and tendons would have been forcefully pulled from their attachments on the femur 
and/or pelvis. 
 
8.5.4.1.3 Distal end 
5. Irregularly-shaped areas lacking cortical bone were noted on the anterior aspect of the distal 
shaft of several femora, proximal to the patellar groove (Figure 8.72). Such lesions may result 
from cutting, when defleshing the rabbit, but another possibility is that they too originated from 
avulsion damage. As with the other lesions they too varied in severity. 
 
                                            
 
Scar on the proximal 
medial femur shaft 
Scar/damage on the 
anterior distal femur, in 
an unfused bone 
Figure 8.72: The distal rabbit 
femur with irregular area that may 
be normal, and caused during 
defleshing, or another avulsion 
site. 
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6. Another potential lesion site is the medial aspect of the distal femur, where a circular 
depression in the bone marks the insertion site of the medial collateral ligament. While this 
represents a normal anatomical feature, avulsion could cause this to become enlarged or 
deformed, as shown by Doschak and Zernicke (2005) (Figure 8.73b).  
 
 
 
 
    
Figure 8.73: a) The medial aspect of a distal rabbit, showing the metaphyseal depression which 
represents the insertion site of the medial collateral ligament. b) The volume increased following 
trauma (Doschak and Zernicke 2005, Fig.4). 
 
8. On the lateral aspect of the distal femur is the insertion site for the popliteus muscle, so 
another potential site. 
 
9. A small foramen-like hole was also present in the anterior, inferior surface of the femur at the 
junction of the trochlear groove and lateral condyle. Detailed examination of rabbit 
musculoskeletal anatomy showed that the ‘anomaly’ is the site of muscle insertion for M. 
extensor digitorum longus (Figure 8.74). While in most instances this deep oval fossa is 
smooth-edged, and so a ‘normal’ anomaly, any irregularity to its outline has been seen as 
attributable to traumatic disarticulation of the stifle (knee) joint during processing or 
consumption. 
 
Insertion site on the distal 
medial femur for the medial 
collateral ligament 
a) 
b) 
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10. There were also a couple of potential sites on the posterior, medial aspect of the distal 
femur, representing the probable insertion site of the adductor magnus muscle. 
 
 No leporid bones examined from the Wallace Ruin sample showed any evidence of 
avulsion fracture healing, as seen in the reference collection hare, nor have any yet exhibited 
similar changes to the femur or acetabulum, and most only exhibit a small missing area of 
cortex. For the ‘unhealed’ avulsion lesions identified, it is of course possible that a short time 
passed between trauma and the death of the animal, which would preclude time for significant 
healing of the lesion. However, given the number of potential lesions seen, if this were the case 
then it would suggest that this is a common occurrence in this species, a question that can only 
be answered by examining a ‘natural’ death assemblage. 
The original large ‘scar’ area identified was on the posterior aspect of the femoral third 
trochanter, and it was decided to focus on this femur lesion for this reason. Furthermore, 
because rabbits’ propensity to hop meant their hindleg muscles would be anatomically well-
developed and doubtless strongly attached to bone. Consequently they would be more 
susceptible to ‘scarring’ and damage if these muscles were avulsed off bone during carcase 
processing or disarticulation. 
 
8.5.4.2 Control assemblage: Oryctolagus femora from Herm 
The first ‘control’ rabbit bones examined were from the island of Herm. A total of 13 femora 
had been recovered, of which nine were separate and two still articulated. They ranged in size 
and fusion state, from bones with both proximal and distal ends unfused, through bones with 
one fused epiphysis, those that were nearly fused (with epiphyseal line still visible), to fully 
fused bones. The femoral areas examined included the posterior lesser trochanter and medial 
femoral shaft, and the lesions were categorised accordingly to facilitate analysis. 
Figure 8.74: The distal lateral end of a 
rabbit femur and soft tissue 
attachments: 
The extensor digitorum longus (EDL) 
muscle tendon is seen inserting into the 
distal trochlear groove (TG).  
Also shown are the popliteus tendon 
(PT) and fibular collateral ligament 
(FCL) (Crum et al. 2003, Fig.4). 
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8.5.4.2.1 Lesser trochanter 
Although the numbers were limited, the results were interesting. Macro- and microscopic 
examination identified that there were changes in the size, shape, and surface texture of the 
attachment sites. These varied with the state of bone fusion, becoming smoother, shallower and 
less pronounced with increased maturity (see Table 8.11 and Figure 8.75). 
 
Table 8.11: Scores for muscle attachment sites: Posterior lesser trochanter 
(P = Proximal, D = Distal, U = unfused, NF = nearly fused, F = fused) 
Category Gross morphology Surface texture Fusion 
Category 1  Irregular outline 
Cancellous across whole surface, 
very uneven surface 
PU DU 
Category 2  More oval 
Cancellous across part of surface, 
uneven surface 
PNF DU 
Category 3 
Broadly oval, shallower 
than previous categories 
Smooth across part of surface PNF DNF 
Category 4 
Broad triangle, 
shallow 
Smooth across whole surface PF DF 
 
                PU DU   
 
              PNF DU   
Appearance: 
Rough, irregular base and edges, 
with the underlying cancellous 
bone exposed. 
It forms an ill-defined elongated 
shaped area adjacent to the 
medial border. 
Appearance: 
Slightly smoother, irregular base 
and edges, with some underlying 
cancellous bone exposed. 
It forms a broadly oval elongated 
shaped area adjacent to the 
medial border. 
Category 1 
Category 2 
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            PNF DNF   
 
                  PF DF  
Figure 8.75: Range of muscle attachment sites for posterior lesser trochanter: a) PU DU, b) 
PNF DU, c) PNF DNF, and d) PF DF. 
 
8.5.4.2.2 Medial femoral shaft 
As with the trochanteric attachments, the attachment sites on the shaft became smaller, 
shallower and smoother as the animals matured and the bones fused (Table 8.12, and Figure 
8.76). These too were categorised according to their appearance, though this was challenging as 
changes were subtle. 
 
                PU DU   
 
Appearance: 
Fairly smooth, undulating base 
and edges, with no underlying 
cancellous bone visible. 
It forms a better-defined elongated 
oval-shaped area adjacent to the 
medial border. 
Appearance: 
Smooth base and edges, 
comprised of compact bone only, 
and forming a broadly triangular 
shaped area that fills most of the 
trochanter.  
Category 3 
Category 4 
Category 1 
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            PNF DU    
          PNF DNF   
               PF DF   
Figure 8.76: Range of muscle attachment sites on the Herm rabbits: Medial femoral shaft 
 
Table 8.12: Scores for muscle attachment sites: Medial femoral shaft 
Category Outline Description of lesion Fusion state 
Category 1  
Long, irregular outline, 
deep 
Cancellous across whole surface, 
very uneven surface 
PU DU 
Category 2  
More even outline, 
shorter, deep 
Cancellous across part of 
surface, uneven surface 
PNF DU 
Category 3 
Shallower, smoother, 
narrower 
Smooth across part of surface PNF DNF 
Category 4 
Shallow, smooth,  
very narrow 
Smooth across whole surface PF DF 
 
Category 2 
Category 3 
Category 4 
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8.5.4.3 Control assemblage: Cortez experimental kiva bones (Sylvilagus) 
These were examined to identify the appearance of these areas on leporid femora that were not 
anthropogenically modified around the time of death or soon after (Figures 8.7 and 8.78). 
 
8.5.4.3.1 Lesser trochanter 
  
Figure 8.77: Lesser trochanters from the femora of Cortez rabbit 3, showing the appearance in 
the femur muscle attachment that was not anthropogenically modified peri-mortem or soon 
after. 
 
   
Figure 8.78: Femoral lesser 
trochanter from Cortez rabbit 
2 with residual connective 
tissue, giving an indication of 
where the muscles are 
attached. They suggest the 
area of bone that would be 
affected by avulsion  
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8.5.4.4 Experiment rabbits (Oryctolagus) 
These attachment sites were compared with bones from the hyperextension experiment rabbits, 
where the limbs have been subjected to linear hyperextension or twisting to disarticulate them 
(Figures 8.79 to 8.83). 
 
8.5.4.4.1 Lesser trochanter 
Uncooked: 
 
  
 
  
Figure 8.79: Lesser trochanters 
from uncooked rabbits 1 (left) 
and 3 (below), whose limbs had 
been disarticulated. 
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Spit-roasted: 
Spit-roasted, meat on, linear: 
   
 
 
Spit-roasted, meat on, twisted: 
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Spit-roasted, meat off, linear: 
    
Figure 8.80: The lesser trochanters in spit-roasted rabbits from the disarticulation experiments. 
 
 
Pit-roasted: 
Pit-roasted, meat on, linear: 
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Pit-roasted, meat on, twisted: 
   
 
Pit-roasted, meat off, linear: 
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Pit-roasted, meat off, twisted: 
  
Figure 8.81: The lesser trochanters in pit-roasted rabbits from the disarticulation experiments. 
 
Pot-boiled: 
              
 
  
Figure 8.82: Lesser 
trochanter from the pot-
boiled rabbit from the 
disarticulation experiments. 
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Oven-roasted: 
  
Figure 8.83: Lesser trochanters in oven-roasted rabbits from the disarticulation experiments. 
 
 Despite the range of cooking methods and forcible disarticulation of the femur from the 
pelvis few of the muscle attachment sites on the femoral lesser trochanters appeared anomalous 
or showed significant signs of avulsion.  
 
8.5.5 Discussion: Avulsion fractures 
Having examined a number of femora from this experiment and through comparison with 
normal assemblages it seems that the residual traces from muscle attachment sites are a normal 
osteological occurrence. The results suggest that avulsion of these particular muscles is very 
unlikely through human processing, although one could speculate that if the bones were 
articulated with much more force the results could prove different, and cause disruption to the 
bone surface. There were small variations in appearance, but these broadly corresponded to the 
different fusion stages from the control rabbits from Herm. Those that appeared slightly more 
disrupted were the uncooked and oven-roasted femora, but the changes present were not 
excessive and could merely reflect fusion stage and bone maturity. 
 Using this method to identify human utilisation of small mammals has limitations and 
problems; these are further compounded by the small size of these bones, as identifying such 
lesions is extremely difficult without microscopy. Such features result from forceful 
disarticulation of the joints, so it is not possible to exclude the possibility that killing or 
capturing the rabbit, such as with nets or ferreting, could produce these lesions, so further work 
could help exclude this by examining the skeletal remains of rabbits caught in this way, but with 
careful carcase processing to avoid anomalous damage. Comparing disarticulated bones with 
those from experiments could determine whether the same lesions were present, or if certain 
ones were characteristic of a particular activity. Though given the range of possible anomalous 
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variations from avulsion also precludes identifying specific ‘characteristic patterning’ associated 
with it. Similarly, it will be important to examine rabbit remains from non-human predators to 
see if they too inflict such trauma during killing or consumption. 
 The exact mechanism that causes avulsion fracture may not always be clearly identified, 
and while forceful disarticulation of limbs during food processing, cooking, or consumption 
may be one cause it is also possible that certain methods of capture could produce avulsion 
fractures, such as trapping with certain types of net, or using ferrets. The same scars could be 
produced from interleaving one leg through another to facilitate transporting a number of the 
animals back to a settlement or occupation site. Another possible cause may be rigor mortis, but 
this may be excluded on the basis that this would result in these lesions being present in all 
animals. The exact activity that produced the avulsion fracture may not always be readily 
identifiable, but the fact that such bone signatures are most likely produced by human activity is 
a significant factor. Furthermore, the smaller size of these species increases their susceptibility 
to this type of fracture; it is possible that larger mammals may suffer these fractures if 
mishandled, but their sheer size and strength makes it less likely. 
 Another problem is actually proving that such scars arise from human activity on these 
animals post-mortem, which is why it was important to establish the ‘normal’ range for changes 
in bone appearance. This is critical in helping identify abnormal, freshly occurring avulsion 
sites, with this latter most likely to represent human activity, and also help exclude possible 
pathology-related changes. It may be argued that the animal (leporid or other) may have 
accidentally suffered avulsion fracture around the time of death, and that the cause of its death 
would be misinterpreted as being of anthropogenic origin rather than from natural causes. But 
the same argument is equally valid for many fractured bones within zooarchaeological 
assemblages. Animals do break their limbs accidentally, many of which would appear in the 
archaeological record as ‘fresh’ helical fractures, with perhaps their fragmented nature attributed 
to ‘marrow extraction’. The ideal situation would be to accurately differentiate between these 
causes, but it is not always possible.  
 This phenomenon is not totally exclusive to adult bones, and it was observed that most 
of the larger femoral lesions identified on the lesser trochanters of Sylvilagus were on bones 
from juvenile rabbits, suggesting these are predisposed to this kind of damage. It may be that 
Cluett’s (2006) assertion that bone is weaker in children, and so more susceptible to avulsion, 
also holds true for juvenile rabbits and perhaps other animals. While the presence of fused and 
unfused bones give a broad indication of age, more accurate age determination of European 
rabbit (Oryctolagus cuniculus) was investigated by Jones (2006, 278), who amalgamated the 
work of various authors to produce two tables. The first (Table 8.13) estimates age from bone 
fusion, while the second (Table 8.14) uses tooth eruption to indicate the age of young rabbits, 
working on the premise that weaned rabbits will have all permanent teeth and no remaining 
deciduous ones. In terms of femur fusion this shows that muscle attachment sites will undergo 
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rapid change in a relatively short time, assuming that there is a correlation between skeletal 
maturity and muscle development. 
 
Table 8.13: Bone fusion in rabbit (Oryctolagus cuniculus) (Jones 2006, Table 1). 
(Dates in months). 
Element No fusion Partial fusion Full fusion 
Proximal humerus < 8 8-9 > 9 
Distal humerus < 2 2-3 > 3 
Proximal femur (head) < 8 8-9 > 9 
Distal femur < 4 4-5 > 5 
Proximal tibia < 9 9-10 > 10 
Distal tibia < 3 3-5 > 5 
 
Table 8.14: Tooth eruption in rabbit (Oryctolagus cuniculus) (Jones 2006, Table 2). 
Tooth Age at eruption 
Lower incisor 1-2 weeks 
Lower P3 ~ 1 month 
Lower P4 ~ 1 month 
Lower M1 2-3 weeks 
Lower M2 3-4 weeks 
Lower M3 ~ 1 month 
  
Upper incisor 1-2 weeks 
Upper P
3 
~ 1 month 
Upper P
4 
3-4 weeks 
Upper M
1 
2-3 weeks 
Upper M
2 
2-3 weeks 
Upper M
3 
~ 1 month 
 
8.5.6 Conclusion 
Avulsion fractures naturally occur in living animals, and while they potentially may be created 
post-mortem by the manner in which they are treated, such changes are subtle and difficult to 
confidently identify as being entirely due to human action. However, where larger, more 
irregularly-shaped lesions are present it is the considered opinion of the author that these are 
more suggestive of anthropic intervention, with such injuries caused in this way. Further 
research may better elucidate whether human intervention, in the form of dismemberment and 
disarticulation during processing, does unequivocally cause avulsion fractures, but given that 
such trauma occurs naturally, in the event of finding an unhealed avulsion fracture on an 
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archaeological sample it would be difficult to unequivocally ascribe this to human activity as 
opposed to an unconnected ante-mortem accident.  
 It has been shown that avulsion fractures were recreated in vitro under laboratory 
conditions (see 8.5.2.2). So while it was not inconclusively proven here to derive peri- or post-
mortem from human processing (such as during carcase preparation, cooking, or consumption) I 
consider that it still has potential, and it is possible that ‘scars’ with a more pronounced, uneven, 
irregular-edged appearance (as seen on many Wallace Ruin leporid bones) could result from 
avulsion of muscle tendon from bone, but further research is needed to prove this. 
 
8.6 Archaeological evidence for butchery practices 
An indication of how small mammals were butchered in the past may be determined from 
archaeological remains, and some indication of different practices may be seen from papers by 
other researchers. Some examples are now included. 
 
8.6.1 Leporids 
8.6.1.1 Britain 
While rabbits did not inhabit Palaeolithic Britain, hare certainly did, with remains found at sites 
like Robin Hood Cave (Derbyshire). Large numbers of arctic hare (Lepus timidus)
28
 remains 
were found in Late Upper Palaeolithic levels, and display evidence of bone modification by 
carnivores, like fox and lynx, and by humans, who left cut-marks and fracture evidence on the 
bones (Figure 8.84); though may have eaten the meat raw (Charles and Jacobi 1994). The 
butchery patterns recorded for arctic hare (Figure 8.85) show the majority were commensurate 
with disarticulation of the carcase at the main limb joints, with mid-shaft breakage of the femur 
and tibia, no doubt for the marrow within. 
                                                     
28
 Brown hare (Lepus europaeus) was not introduced into Britain until the Flandrian (Mayhew, D.F. 1975 
The Quaternary History of Some British Rodents and Lagomorphs. PhD Thesis, University of Cambridge. 
Cited in Charles and Jacobi 1994, 11). 
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Figure 8.84: Arctic hare (Lepus timidus) bones from Palaeolithic Robin Hood Cave, showing the 
position of cut-marks and fractures (Charles and Jacobi 1994, Fig.4). 
 
 
 
Figure 8.85: Position and orientation of cut-marks on hare (Lepus timidus) skeletons from 
Palaeolithic Robin Hood Cave (Charles and Jacobi 1994, Fig.3). 
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8.6.1.2 France 
A similar pattern is seen on the leporid remains from the Palaeolithic site of Gazel Cave 
(Pyrenees), with cut-marks identified around the main limb articulations, and across the neck 
and tail (Figure 8.86), while there is a low level bone breakage to extract marrow, suggesting 
less intensive exploitation (Fontana 2003, 113). The pattern is of typical disarticulation, with the 
limb long-bones detached from the axial skeleton. 
 
               
Figure 8.86: Suggested dismemberment patterns for a hare from Gazel Cave (France), based 
on bone cut-marks (Fontana 2003, Fig.15). 
 
 Rabbit bones were also abundant at the Palaeolithic site of La Madeleine (France), 
where a more detailed indication of the butchery patterns may be seen from photographs of the 
remains (Figure 8.87). 
 
  
a) 
b)
)  
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Figure 8.87: Fragmented hare bones from La Madeleine; a & b) Radius c & d) Humerus e) Tibia 
f) Femur (after Fontana and Chauvière 2007, Fig.18). 
 
8.6.1.3 Spain 
There are a number of sites in Spain, both caves and rockshelters, where the butchery patterns 
on leporids have been investigated, such as the Lower Palaeolithic site of Cova del Bolomor 
(Spain) (dated to 300-350kya) (Figure 8.88). A later site is that of Balma del Gai rockshelter, 
which dates from the Epipalaeolithic, where the researchers conducted a more detailed analysis 
into the butchery marks present on the rabbit bones there, assigning them as deriving from 
skinning, dismembering and butchery (Figure 8.89). Dismembering marks were localised 
around the hip and elbow, while skinning marks were seen as present on the muzzle and feet 
(calcanea and metapodia). Butchery marks were identified on the proximal scapula, on either 
side of the acetabulum, and on the proximal to mid-shaft regions of the humerus, femur, tibia, 
radius and ulna. 
 
c) 
d) 
e) f)  
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Figure 8.88: The position of apparent skinning and butchering cuts on rabbit bones from Balma 
del Gai rockshelter (Spain) (García-Argüelles et al. 2004, Fig.1). 
 
      
Figure 8.89: The position of apparent skinning and butchering cuts on rabbit bones from Cova 
del Bolomor (Serra and Peris 2008, Fig.4). 
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8.6.1.4 Portugal 
Picareiro Cave (Palaeolithic): 11,800-12,300 B.P. 
   
Figure 8.90: Left: Rabbit femora; Right: tibiae (middle) and humeri (bottom) shaft cylinders 
recovered from hearth features in Picareiro Cave, suggesting deliberate anthropogenic marrow 
extraction (Hockett and Bicho 2000, Fig.3). 
 
 An interesting discrepancy was seen between the Roman hare bones and the rabbit 
bones from Anecrial cave (Brugal 2006). While many of the Roman hare bones exhibited 
helical fractures and a ‘spiked’ end, the ends of those from Anecrial cave, which were 
interpreted as being broken for marrow and left as bone cylinders, seemed more irregularly 
shaped. This difference may be due to biting the bones open. 
 
  
Figure 8.91: Upper Palaeolithic rabbit tibiae and femora from Anecrial Cave (Portugal) reduced 
to cylinders from breakage to extract marrow (the femur on the far left exhibits gastropod 
damage) (Brugal 2006, Fig.7).  
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8.6.1.5 North America 
Excavation of Raptor (48SW1090) prehistoric camp (Rocky Mountain, Wyoming Basin), dated 
to A.D. 600-1010, recovered various large and smaller species, including voles, mice, 
chipmunk, pocket gopher, ground squirrel, vole, and prairie dog, though most significant was 
the large quantity of cottontail rabbit bones it contained, with a few jackrabbit (Lubinski 2003, 
200). Many of the leporid long bones had seemingly been used for bead production, but some 
exhibited probable evidence of patterned butchery. Just over a third of all rabbit scapulae had 
‘green bone’ fractures at the neck near the glenoid cavity, which was interpreted as consistent 
with removing the upper forelimb, perhaps by “…levering it against the back…” There was also 
evidence on the hindlimb, with damage to the articular facets on the distal tibia, potentially 
caused by “…bending the joint sideways…” to remove the feet (Lubinski 2003, 206).  
 Leporid bones were again abundant at the later prehistoric Wipatki pueblo site of 
Sinagua (Arizona), dating to A.D.1070-1220. Examination of the typical recorded damage show 
fracturing of the distal tibia and ulna, consistent with paw removal, and fracturing of the femur 
and humerus shafts (Figure 8.92), which may be attributed to marrow extraction, or jointing. 
 
Figure 8.92: Diagram showing typical damage to leporid bones from Sinagua (USA); the dark 
lines on the skeleton indicate main break sites (Quirt-Booth and Cruz-Uribe 1997, Fig.5). 
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8.6.2 Rodents 
Leporids are not the only species recovered from archaeological sites with butchery evidence, 
some rodent remains, such as marmots, have also been found with anthropic evidence. 
 
8.6.2.1 France 
Various sites have produced marmot remains with cut-marks and fractures caused by humans 
(Figure 8.93), while more detailed analysis of each element gives in indication of the typical 
butchery patterns employed by the prehistoric hunters (Figure 8.94).  
 
 
Figure 8.93: Fractured bones and cut marks on marmot humeri from Grotte Colomb (Tomé 
1998, Fig.28), similar ‘points’ and ‘spikes’ were seen on the bones from the Pueblo sites. 
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Figure 8.94: Cut-marks on marmot bones (Marmota marmota) from the Palaeolithic site of 
Grotte Colomb. Most cut-marks on long-bones are towards the articular ends suggesting 
jointing (Tomé 2005b, Fig.3). 
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8.6.2.2 Italy 
At the Late Upper Palaeolithic site of Grotta del Clusantin in the Italian Alps, the predominance 
of marmot remains with evidence of human processing, including burning, butchering cut-
marks and percussion cones (Figure 8.95), has led to suggestions that it was a specialised 
hunting camp (Romandini et al. 2012).  
 
 
Figure 8.95: Pattern of butchery seen on marmots from the Italian Alps site of Grotta del 
Clusantin (Romandini et al. 2012, Fig.2). 
 
 Marmot bones with cut-marks were found in the Mousterian level at Riparo Tagliente, 
Verona (Italy) (Alhaique et al. 2004) (Figure 8.96), and at Grotta di Pozzo (Italy), which dated 
to c.12,000BP (Mussi et al. 2004). 
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Figure 8.96: The position of cutmarks on the mandible of a marmot from the Mousterian level at 
Riparo Tagliente, Verona (Italy)(Alhaique et al. 2004, Fig.3A). 
 
8.6.2.3 North America 
Ethnoarchaeological sources are useful for documenting how indigenous hunter-gatherers 
processed prey. Research into the Chippewa (subarctic Canada) records that beaver and muskrat 
would be hunted in spring, using traps or guns, and that “…If you want to eat the (beaver) meat 
you must take the guts out right away. Otherwise it rots.... Later at camp, you take the skin off, 
and then cut the meat up into small pieces and put them on a smoking rack...”. Muskrats were 
treated similarly, and the Chippewa would “…smoke the meat a little before boiling. We also 
share the animals with neighbors (sic). Like beaver, we give away the whole animal because of 
the small size. You dry the meat on a smoking rack, but do not thin-cut or pound the meat. Then 
you hang up the meat in a cloth bag in a storage shed…” (Brumbach and Jarvenpa 1997, 425). 
Interestingly, the same authors record Chippewa "transformation sites", where animal products 
are processed into food, clothing, tools, and other ‘necessities of life’. Processes include 
‘cutting, smoke drying, grease-making, pemmican and hide manufacture’, so these sites include 
caches, pyramidal, platform and stretching racks, and smoke houses to dry and store meat and 
fish (Brumbach and Jarvenpa 1997, 429). 
 
8.7 Discussion 
Regarding butchery practices, comparison between the bones from the above different 
prehistoric sites shows some comparable features for rabbits, such as general discard of paws, 
but differences in others, such as in intensity of utilisation for marrow. For marmots, despite the 
different location of sites with evidence of marmot butchery, there are some similarities. For 
example, all remains show cut-marks on the mandible, suggesting use of fur pelts and perhaps 
removal of tongue and/or cheek meat.  
 With regard to identifying practices like hyperextension from small mammal remains, 
any such identification will be difficult due to the animals’ size. It has been show that even in 
8: Experiments: Disarticulation and dismemberment 
560 | P a g e  
sheep such lesions are small, so in rabbit-sized mammals they will be even smaller; 
necessitating the use of microscopy for accurate analysis, but even with this there will be a 
degree of subjectivity. 
 
8.8 Conclusion 
It is difficult to determine exactly to what extent there is a recognised ‘established’ method of 
butchery at these sites, as opposed to a more flexible approach to processing. Determining 
precisely how much cultural variation there is would necessitate a much larger sample size from 
a number of sites over a period of time. Regarding the potential use of avulsion fractures as 
anthropic indicators, it is difficult to attribute these to human action on the existing evidence. 
Further experimentation, perhaps with a larger sample size could be of benefit. 
 
 The final stages of the ‘chaîne opératoire’ to consider are the effects of cooking, 
consumption, and even post-discard modification on bones. These aspects are addressed in the 
next chapter, where a series of experiments are described that examine potential changes to 
bone from cooking and breakage during consumption. 
 
9: Experiments: Cooking, consumption, and beyond 
P a g e | 561 
 
 
 
CHAPTER 9 
 
 
EXPERIMENTS INTO COOKING, CONSUMPTION, AND 
BEYOND 
 
Having examined the effects of hunting and carcase dismemberment, this chapter considers the 
final stages of the human-prey ‘chaîne opératoire’. It examines the osteological effects of 
cooking and eating, and other associated processes, and describes actualistic experiments 
undertaken to better identify anthropic effects produced by these actions. Finally, it describes an 
example of bone modification by a non-human predator. Rabbit was again used here as a proxy 
for small mammals generally, with the usual caveats regarding inter-species anatomical 
variation, methods used, exploitation practices, and resultant bone fractures. 
 
A. COOKING EXPERIMENTS 
The most obvious visible evidence for cooking bones is colour change (see Lyman 1994) 
arising from heating or burning, and identifying cooked bone has usually been reliant upon 
these characteristics. The resultant characteristics vary with the temperature to which the bones 
were subjected, and whether burned in an oxygen-rich or anoxic, oxygen-depleted environment 
(see Chapter 2, section 2.5.4). However, such changes can equally occur by simply burning 
bones as fuel, disposing of them into fire, or even from catastrophic burning events, such as 
house fires, rather than deliberate cooking for consumption. Furthermore, cooking can leave 
little visible evidence on bones; Roberts et al (2002) record that “…cooking for brief periods of 
time has little distinguishable effect on bone in the short term, but that increased boiling times 
can mirror diagenetic effects observed in archaeological bone…”.  
 More recent techniques include combining biochemical methods with Transmission 
Electron Microscopy (TEM) to differentiate between cooked and uncooked bone, by examining 
bone protein to identify changes to mineralized collagen fibrils, which seemingly readily 
develop minor damage (Koon et al. 2003, 1393). But this method relies on specialised 
equipment that may not always be easily accessible, nor provides instant visual identification. 
The aim of this initial research experiment was therefore to establish whether an alternative 
method could better identify other cooking-related changes to bone. 
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9.1 Boiling: Ceramic ‘pot-polish’ experiment 
Bones may be subjected to processes other than fracturing or burning that leave visible surface 
evidence; one such example is ‘polish’ or ‘rolling’. These changes can be induced by natural 
causes, such as fluvial or aeolian sediment transport, or trampling by passing human or animal 
traffic (White 1992, 120). The presence of such changes on animal and human bones has often 
been attributed to using them as tools, especially ‘expediency’ tools, which were either utilised 
as found, modified for a specific purpose by chipping, grinding, or serration, or re-sharpened 
and reused (Lyman 1984). There has been debate as to whether ‘suitably-shaped’ and worn 
bone fragments are merely the result of natural wear rather than caused by human activity. Brain 
(1967) has termed these ‘pseudotools’, suggesting that differentiation be based on uniformity of 
fragment abrasion, and considers those with restricted areas of wear (Figure 9.1) more likely to 
be anthropic. 
 
  
 
9.1.1 Rationale and aims 
Aside from the natural methods mentioned above, there is evidence that certain human activities 
can produce bone polishing. Changes on prehistoric human bones from Mancos Canyon 
(Colorado, USA) were tentatively suggested as deriving from cannibalism, based on cut-marks 
and the level of deliberate fragmentation present. Within the assemblage were bone splinters 
with bevelled abrasion to their tips, and bones with surface polish; such changes led Bradley 
(pers. comm.) and White (1992) to hypothesise that this may be attributable to cooking. Their 
subsequent experiment, cooking defleshed, broken mule deer (Odocoileus hemionus) 
metapodial bones in a replica Anasazi cooking vessel with corrugated sides, confirmed this 
theory by producing comparable surface polishing and bevelling of the fractured bone ends 
(White 1992, 128;121). This phenomenon, which they termed ‘pot-polish’, is characterised by 
Figure 9.1: Top: Bone worn 
‘naturally’ by trampling. 
Below: ‘Genuine bone tool’ 
with restricted areas of 
wear (arrowed) (Brain 
1967, Fig.3a;3b). 
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abrasion to the bone surface, articular ends, and/or bevelled ends of broken bones that results 
from being boiled in a ceramic vessel, and is caused by repeated contact between the bone and 
the vessel’s inner walls (White 1992, 324). 
 However, this experiment was performed using bones from a large mammal, with no 
such work attempted using smaller animals. The aim of the experiment undertaken here was 
therefore to determine whether similar changes occurred on bones of smaller species when 
boiled in a ceramic pot, or whether it affected them differently. As a phenomenon that could 
improve identification of anthropogenic activity on small mammal bones an increased 
understanding of the process would be beneficial to zooarchaeology. Consequently, further 
objectives were identified to answer the following questions: 
 Do bones of small and large mammals react in the same way when pot-boiled? 
 The pot-polish appeared on bones cooked in an Anasazi vessel with corrugated walls, 
but would the same results appear on bones cooked in a pot with less-ridged walls? 
 Are all bones equally affected? Examination of artiodactyl bones and cannibalised 
cooked human remains from the Mancos site showed that pot-polish tended to appear 
on major limb long-bones (60% and 57.3% respectively), with the rest mainly on 
broken rib ends (White 1992, 325). So do similar patterns occur on smaller mammal 
bones? 
 Are the bones affected evenly across their surfaces, or are some areas more susceptible 
than others? 
 
9.1.2 Methodology 
Two rabbits were obtained from a local game-dealer; both had been previously gutted at the 
kill-site and skinned, with their heads and paws removed. The first rabbit, which had been 
previously frozen, was thoroughly thawed and then disarticulated through its joints with a metal 
knife. The second rabbit, which was fresh, was jointed and its long-bones fractured using a 
stone, with the limb resting on another stone used as an anvil (Figure 9.2). The two 
disarticulated rabbits were then boiled in a large, unglazed, round-based ceramic pot, which had 
previously been used for cooking over an open fire. This was stirred intermittently until the 
rabbits were considered cooked, with both the cooking- and stirring-times recorded. Following 
cooking, the meat was stripped from the rabbits, and the bones cleaned by maceration, soaking 
them in plain warm water (regularly-changed) for several weeks. This preparation method 
aimed to avoid producing inadvertent polish or erosion to the bones through using proteolytic 
enzyme. After cleaning, the bones were examined macroscopically and microscopically for any 
evidence of pot-polish.  
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Figure 9.2: Fracturing the rabbit long-bones using a stone with the limb placed on a stone anvil. 
The fleshed bones were then used for the ‘pot-polish’ experiment. 
 
9.1.3 Experiment 
A fire was lit in the remains of an earth oven with residual low walls, which afforded it some 
protection from a strong prevailing wind on the day of the experiment. The fire was built up 
using brushwood and small logs, then allowed to reduce to embers; these had reached a depth of 
about 12cm (centimetres) before cooking started, to provide support for the vessel which had a 
slightly-pointed base. Prior background reading had identified a typical form of early prehistoric 
pottery that would have been employed in the study area (Gibson 1986; Hallgren 2004), so the 
experiment vessel was broadly comparable to early Neolithic and Mesolithic (Danish) round-
bottomed pots. The pot dimensions were 34cm high, with a variable rim diameter of 20-23cm, 
maximum vessel diameter of 28cm, and a wall thickness of 0.8cm; this size was also 
comparable to cooking pots from Pueblo sites. 
The jointed rabbits were placed in the pot along with vegetables and liquid, and the pot 
filled until over three-quarters full and c.10cm from the top. Once full, the pot was placed near 
the heat and turned at regular intervals to allow it to warm through before it was placed directly 
onto the fire; this minimised the risk of it cracking or breaking. When warmed, the pot was 
transferred to the hollowed out ashes and supported by three small logs placed as a tripod for 
additional support. The pot contents were heated until they reached a rolling boil, which took 
about 15 minutes, a relatively short time considering the size of the vessel, and stirred 
intermittently (Figure 9.3). Some degree of heat control was achieved by moving logs into the 
entrance of the oven base to heat the pot up, and moving them further out to reduce heat if the 
contents were in danger of boiling over, as this allowed cooler air in. 
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Figure 9.3: The ‘pot-polish’ experiment, with two jointed rabbits being cooked in a large pot on a 
fire, with the pot resting in a c.12cm deep layer of hot embers. 
 
 The rabbits were cooked in the pot for 2 hours 50 minutes, until considered adequately 
cooked for eating, with the contents stirred for a total of 15 minutes during that time. The pot 
was then taken off the fire and the rabbit extracted from it. The flesh was carefully removed 
from the rabbit bones by hand and/or flint expediency flake to avoid creating knife-marks on 
them. After cooking, all excess rabbit meat was removed, the bones washed and cleaned by 
maceration in plain water over a number of weeks, taking care to avoid creating anomalous 
surface polish or damage. When cleaned, all bones were examined using a low-magnification 
binocular microscope, adjusted to a range of magnifications to allow thorough viewing. The 
results were recorded, and images taken of the bones. 
As a control to exclude normal bone changes from cooking, a rabbit was also baked in 
an earth oven, which had originally been built as part of another project. This was constructed 
using an initial sturdy willow framework, with granite slabs laid as a base. Layers of cob 
(comprising earth, chaff, and grass) were added over the willow frame over several weeks to 
allow drying in between, until the walls were c.15cm thick. A c.12cm diameter aperture was left 
in the roof as a vent, and an entrance 30cm wide and 35cm high was built facing away from the 
prevailing wind. Bread and meat were both successfully cooked on previous occasions so the 
oven was known to be fully functional. The ‘control’ rabbit for roasting was skewered onto a 
hazel stick and supported in the hot oven, suspended c.50cm above the fire and hot ashes 
(Figure 9.4). It was left until cooked, which took about 20 minutes. The distal tibiae became 
significantly blackened during cooking (Figure 9.5), most likely due to the intense heat from the 
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oven fire. The distal radii were also blackened, but to a much lesser extent, but they were 
slightly further from the fire. 
 
          
Figure 9.4: Clay oven showing the position of the roasted rabbit inside on the right, and the pot 
‘casseroling’ another rabbit on the left. 
 
 
Figure 9.5: Rabbit after roasting in the hot earth-oven for 15 minutes. The colour change to the 
exposed tibial ends is clearly visible, while the distal radii are less noticeably blackened. 
 
9.1.4 Results 
The bones from the pot-boiled rabbit had been submerged in liquid during cooking, so despite 
being cooked for nearly three hours no surface charring or colour change from burning was 
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evident on any of them. Charring and slight bone shrinkage was evident on the fractured bone 
ends from the oven-roasted ‘control’ rabbit, but no suggestion of polish or bevelling was 
identified (Figure 9.6), whereas no discoloration was present on the pot-boiled rabbit. 
 
    
 
 Initial examination of the cooked rabbits suggested that some bones had been more 
susceptible to pot-polish than others, given that they were less covered by flesh and more 
exposed to pot surface abrasion. After cleaning, changes such as polish, bevelling and 
smoothing of the fracture surfaces and edges were identified in a number of rabbit bones, and 
the previous conjecture that some bones would be more susceptible than others to surface polish 
proved correct. Unfortunately, the small size of the bones often made it difficult to clearly 
visualise evidence of polish, though this was improved by using a low-magnification stereo 
microscope. These findings are now described further, by element. 
 
9.1.4.1 Forelimb 
Scapula: 
Little evidence of polish was seen on the scapulae, which was undoubtedly due to most of the 
bone being covered by the shoulder muscles. The part most likely to have incurred abrasion 
would be the distal end of the bone, which forms the ‘withers’ of the rabbit. As in most 
quadrupeds this projects dorsally near the thoracic spine, and could be more likely to come into 
contact with vessel wall, but this tends to be covered with cartilage which would protect it from 
abrasion.  
 
Humerus: 
There was a difference in the changes seen in the humeri. While smoothing and minimal 
bevelling was seen on the fractured distal ends of one humerus, on another the changes were 
Figure 9.6: Charring on 
exposed fractured bone ends 
Rabbit tibia from an animal that 
had been roasted in the earth-
oven. No rounding or bevelling 
is evident on the bone ends. 
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negligible (Figure 9.7). This suggests that either residual muscle was covering the fractured end 
with little modification, or it simply came into less contact with the vessel wall during cooking.  
 
  
  
Figure 9.7: Top: Distal humerus with fracture, showing rounding (arrowed) and bevelling of the 
fractured end. Below: Fragment of humerus that must have been fractured before cooking but 
been contained within muscle in the pot, as it clearly shows a helical fracture, but no bevelling 
or rounding. 
 
Radius: 
While some evidence of bevelling and rounding was present on the radii (Figure 9.8), these 
changes were often subtle. As the rabbits had been delivered without paws the fractures would 
have been sustained when they were cut (and twisted) off at the kill-site. 
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Ulna: 
As with the radii, there was differential evidence for bevelling or and rounding seen on the 
ulnae, with subtle changes on some bones and more pronounced modification on others (Figure 
9.9). 
 
 
Figure 9.9: The fractured distal end of a rabbit ulna. Surprisingly, there seems little smoothing of 
the point, though adjacent areas seem more rounded (arrowed). 
Figure 9.8: The fractured 
ends of a rabbit radius, 
showing some minimal 
rounding of the fracture 
ends (arrowed). 
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9.1.4.2 Hindlimb 
Femur: 
The fractured ends of the femora suffered light bevelling and rounding from cooking in the pot 
(Figure 9.10), with bone edges becoming better-defined and sharper along the shaft towards the 
proximal bone end. Such variation in changes along the bone is no doubt linked to the presence 
of overlying muscle and flesh, which covered most of the bone during cooking, protecting it 
from abrasion against the pot wall. Where the muscle had contracted with heating it left the 
fractured bone ends exposed and more susceptible to abrasion against the vessel wall. 
 
 
 
 
Tibia: 
Evidence for smoothing and bevelling was most marked in the tibiae, with pot-polish of 
exposed fractured bone ends noticed in most of those present. Rounding was also present, and 
more clearly seen, on the sides of some fractures (Figure 9.11). Conversely, there was no such 
modification on the remainder of the shaft, and in these areas the junction between any fracture 
surfaces was clearly delineated, with crisp edges. Polish was particularly evident on one tibia, 
both on the tip and along a small part of the length, adjacent to the fracture site (Figure 9.12). 
 
Figure 9.10: Rabbit femur, 
displaying minimal bevelling 
of the exposed bone end, 
with less modification further 
up the shaft. This suggests 
that most bone was 
protected by flesh. 
Bevelling and rounding of 
the fractured bone edge, 
caused by pot abrasion. 
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Figure 9.11: Rabbit tibia exhibiting marked ‘pot-polish’ bevelling. The smoothed, rounded 
fracture end is caused by repeated contact between the bone and vessel wall during cooking. 
 
 
Figure 9.12: Rabbit tibia with probable ‘pot-polish’ along the part of its length nearest the 
fracture, and on the fracture surface, the edge of which seems rounded. 
 
Fibula: 
Marked surface edge bevelling and smoothing was seen on several fibula fragments (Figure 
9.13). The thin nature of this bone may make it particularly susceptible to abrasion from contact 
with the pot walls.  
 
 
Smoothed, rounded, 
fractured bone edge, 
produced by abrasion 
against the pot wall. 
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Figure 9.13: The interior and exterior surfaces of a rabbit fibula, showing marked smoothing and 
bevelling of the fracture edge. 
 
9.1.4.3 Axial skeleton 
Vertebrae: 
The appearance on many of the vertebral spinous processes was suggestive of polishing (Figure 
9.14), with rounding of the superior surface with its junction with the sides, and an increase in 
shininess and some abrasion causing short linear scratches. Such modification was particularly 
noticeable when compared with the inferior lateral processes, as these lacked any shiny 
appearance. 
 
 
Figure 9.14: The spinous process from a rabbit lumbar vertebra, that appears smoothed and 
polished as the result of contact with the pot wall. 
 
These changes are undoubtedly due to the superficial position of these anatomical 
features, which have little muscle covering. This makes them particularly susceptible to 
abrasion against the pot wall when the contents are stirred or agitated during boiling. However, 
the spines from both rabbits were cooked fully articulated in the pot, and the larger size of these 
components is thought to have increased its susceptibility to abrasion during cooking. 
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Ribs: 
The ribs from the experiment rabbits were examined macroscopically and with a low-
magnification stereo microscope. It was apparent that identifying the presence of polish was 
very subjective, due to the small size of the bones and because of surface shine from inherent 
bone oils. Pot-polish was tentatively identified on only three bones, presenting as an area of 
bevelling adjacent to a seemingly more polished area of the rib. Where ‘polish’ occurred, it was 
on the anterior aspect of the proximal curve of the rib shaft, and on the posterior aspect of the 
distal curve (Figure 9.15). This is attributed to the bones’ natural twist, which makes these areas 
slightly proud of the rib cage surface, increasing their contact with the vessel wall when 
cooking. The rib cages had been left articulated, which further accounts for the polish on the 
areas mentioned. Had the ribs been disarticulated into separate whole components, any polish 
would have occurred on the proximal and distal bone ends and along the outer curve of the shaft. 
If ribs were broken, these areas and the fracture site would have been most affected. 
 
        
           
Figure 9.15: Possible pot-polish on rabbit ribs; identifying bevelling and polish was very 
subjective, and it was difficult to photograph. 
 
Bevelling and polish on the inferior, 
posterior outer aspect of a rib 
Bevelling and polish on the superior, 
anterior outer aspect of a rib 
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Pelvis: 
No evidence of polish or associated rounding or bevelling of surfaces was identified on any 
pelvic bones. This is undoubtedly due to them being covered by thick layers of muscles over the 
loins and hindquarters, leaving no protruding bones to come into contact with the cooking 
vessel. 
 
 The appearance of the bones from the experiment results was subsequently compared 
with those in the control and archaeological assemblages (see Chapter 10, section 10.3 
onwards). 
 
9.1.5 Identifying pot-polish using Scanning Electron Microscopy 
As a technique to determine anthropic use, identifying pot-polish is undoubtedly subjective, and 
the degree to which it could be detected varied considerably between different elements. Given 
the ambiguities in positively identifying its occurrence and extent, several bones were subjected 
to closer inspection using a scanning electron microscope (S.E.M.), to see whether this would be 
a better, more reliable method of assessing the presence of pot-polish on small mammal bones. 
However, it is acknowledged that cost, time and availability of such specialist equipment would 
preclude its use as a regular method of identifying pot-polish. 
 
9.1.5.1 Method 
Three bones were selected from the pot-polish experiment for further scanning, along with three 
non-pot-boiled bones used as controls. A larger sample would have been preferable, but this was 
restricted by available scanning time and cost. The control samples came from uncooked rabbits 
or animals used for other experiments that had not been subjected to pot-boiling or any process 
that could accidentally induce surface abrasion, with bones of comparable size and fusion state 
selected where possible. As a final comparison, samples were taken from archaeological 
specimens for S.E.M. and examined to see if any changes on those correlated with those 
exhibited by the experiment bones.  
 There is ethnohistoric and archaeological evidence for communal hunting and feasting 
on cottontail rabbits and jackrabbits in North America, so the archaeological bones used for 
microscopy originated from the prehistoric Ancestral Pueblo sites of Stix and Leaves and 
Wallace Ruin (Colorado, USA) (see Chapter 7), where leporids were abundant in their faunal 
assemblages. Pottery was recovered from both sites and it is possible that rabbits were cooked in 
them; though prior to using pots, food was cooked by roasting, parched in a basket (that was 
sometimes clay-lined), or baked in a pit oven. Alternatively food was placed in a watertight 
basket and boiled by dropping fire-heated rocks into it (Ortman 2006, 102). Various vessel types 
were found on the sites, including black-on-white kiva pots, though different containers served 
different purposes. Some were used for storage (such as seed containers), water, or serving food, 
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while the type used for cooking were neck-banded and corrugated grey wares (Figure 9.16a and 
b). These are often found with evidence of burning or residues on them, though no lipid or 
residue analysis has yet been carried out. They were fabricated from fairly coarse tempered clay 
incorporated with volcanic rock inclusions or grog (ground up potsherds), while the internal 
surface was usually corrugated (Bradley pers. comm.).  
 
 
 
Figure 9.16: Above: Mesa Verde 
black-on-white kiva pot from 
Castle Rock Pueblo (Pueblo III: 
AD1180-1300). 
Left: Neck banded cooking pot. 
Both vessels are similar to the 
type found at Stix and Leaves 
(Anasazi Heritage Centre 
collection. Photo: W.Howard). 
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The bone samples chosen for more detailed analysis were: 
1. a) Fractured tibia, which seemed to exhibit clear evidence of pot-polish when viewed 
under a low-magnification microscope (Figure 9.10). 
 b) Control sample: A fractured tibia from a pit-roasted rabbit, as the break occurred at a 
similar point in the bone’s diaphysis. 
 c) Archaeological sample: Fractured tibia shaft end, from Stix and Leaves Pueblo. 
2. a) Whole femur, which exhibited little change other than crazing on the condyles when 
viewed under the low-magnification microscope. 
 b) Control sample: A whole femur was obtained from Rabbit 9 used for the archery 
experiment. This was uncooked, and of a similar size and fusion stage. 
 c) Archaeological sample: Femur from the prehistoric Anasazi Pueblo site of Wallace 
Ruin. 
3. a) Lumbar vertebra spinous process that seemed polished when examined 
microscopically 
 b) Control sample: The spinous process of a lumbar vertebra from a pit-roasted rabbit. 
 
 The bones were examined macroscopically and through a low-magnification binocular 
microscope, and then scanned with a S.E.M. in Exeter University Biosciences Imaging 
Department. Using several forms of imaging enabled comparison between different methods, to 
see which best helped determine if surface modification occurred, and the nature of it. The 
intention was to establish whether S.E.M. improved visualisation of bone surfaces altered by 
pot-polish when compared to the low-magnification microscope, or if changes were equally 
evident. It would ultimately demonstrate whether pot-polish visualisation was optimal when 
viewed macroscopically, or at higher or lower magnification. As preparation for S.E.M., minute 
fragments were sawn off the bones to obtain samples small enough to fit into the scanning 
chamber, so comprised c.2mm-long pieces taken from the fractured ends of the tibiae, the 
articular aspect of the distal medial femoral condyles, and the dorsal tips of the vertebral spinous 
processes. These were mounted onto metal stubs, with the likely abraded surfaces upwards, and 
finely coated in palladium and gold. When scanned, each bone sample was initially viewed at a 
low magnification (x19) to obtain an overview, and then examined at higher magnifications. 
Photographs were taken to record the appearance and facilitate comparison. 
 
9.1.5.2 Example 1: Fractured tibial diaphysis 
The fractured tibial shaft from a (control) pit-roasted rabbit was compared with that of a pot-
boiled rabbit. In both instances the fracture had derived from initial removal of the paws, which 
was carried out at the kill-site or during skinning. For the pot-boiled rabbit the tibia was chosen 
9: Experiments: Cooking, consumption, and beyond 
P a g e | 577 
as it had not been broken with a hammerstone, which could have potentially created anomalous 
polish/damage around the fracture surface from contact with it. 
 
a) Low-magnification microscope: 
Low-magnification microscopy showed a difference between the tibiae of the pot-boiled (Figure 
9.17) and (control) pit-roasted (Figure 9.18) rabbits. While there was clear evidence of bevelling 
and rounding to the fracture tip edges on the pot-boiled rabbit tibia, analogous to pot-polish, no 
such changes were present on the fractured tibial shafts of the pit-roasted rabbit; these appeared 
more sharply defined with distinct angular ‘corners’. 
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Figure 9.17: Above and left: 
Fractured right tibial shaft of a 
pot-boiled rabbit. The fractured 
bone edges appear bevelled 
and rounded due to abrasion 
and polishing from contact with 
the vessel wall. 
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Figure 9.18: Fractured left tibia of a pit-roasted rabbit, showing three sides of the fractured shaft, 
and magnified view (last image). The edges appear sharp, unlike those of the pot-boiled rabbit. 
 
b) Scanning electron microscope (S.E.M.) 
The tibiae were mounted and imaged with the fractured end pointing upwards. From the S.E.M. 
images it became clear that the pit-roasted bone surface was generally flat, but seemed more 
pitted with intermittent linear striations and occasional surface debris (most likely residual ash), 
though with a fairly sharp, clear-defined fracture edge. Conversely, the pot-boiled rabbit bones 
appeared to have fewer surface linear striations and exhibited flaking, with the surface seeming 
delaminated and less striated, while the fracture edges appeared more rounded (Figure 9.19).  
 
  
Pit-roasted Pot-boiled 
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Figure 9.19: S.E.M. images of the fractured ends of pit-roasted (left) and pot-boiled tibiae (right), 
viewed with the bone on its end at x19, x65 and x250 magnification. 
 
 The angle at which the fragments were mounted made it difficult to clearly see the 
entire exterior cortical bone surface, so the tibiae were also viewed with the bone laid flat, 
which improved visualisation of the diaphyseal surface. This confirmed the differing nature of 
the two bone surfaces, with that of the pit-roasted rabbit having more pronounced linear 
striations running across along the long axis of its entire surface, up to the bone margins. While 
some linear patterning was present on the pot-boiled rabbit bone it was less pronounced and 
stopped short of the bone margins. More significantly, while the pit-roasted rabbit bone fracture 
had a fairly sharp, clearly-defined edge, in the pot-boiled rabbit there was marked erosion of the 
bone margins in the fractured tibial ends, so that they appeared rounded and ended with a 
curved edge rather than a sharp end (Figure 9.20).  
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Figure 9.20: S.E.M. images of a fractured pit-roasted tibia (top) and pot-boiled fractured tibia 
(below left) at x30 magnification. Increased magnification (x45) clearly shows the fractured bone 
edge bevelled through abrasion with the pot wall. 
 
 Both bones were compared at a range of magnifications, with changes like the rounding 
of edges equally visible at higher magnification. This showed that the eroded margin extended 
around the periphery of the fractured bone end, while viewing at greater magnification enabled 
more detailed visualisation of the bone surface. However, while differences were noticed at all 
levels the reduction in bone edge sharpness was more discernible at lower magnification on the 
outline view of the bone, and less distinctive when magnified at greater levels (x250). At higher 
magnification it was possible to see a change in the bone surface appearance with the abraded 
area seen as removed layers of bone, and the junction between the normal bone surface and 
underlying eroded margin demarcated by an irregularly-defined, ‘feathered’ edge (Figure 9.21). 
 
X30 X30 
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Figure 9.21: S.E.M. images of the fractured end of the pot-boiled tibia at different magnifications 
showing bevelling of the bone, demarcated by an irregular outline, caused by abrasion against 
the pot wall (junction marked by arrows and dashed line). 
 
c) Archaeological sample: Tibia 
The archaeological sample comprised the fractured tip of a tibial diaphysis from an unfused 
cottontail rabbit (Sylvilagus sp.) tibia, which came from a bone assemblage recovered from the 
prehistoric site of Stix and Leaves (Colorado, USA). It was selected as there appeared to be 
some light rounding of the fractured end (Figure 9.22), although there also appeared to be 
generalised surface smoothing, so it was chosen to compare with other S.E.M. images to 
determine whether or not it had been pot-boiled. 
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Low-magnification microscope: 
                      
                      
Figure 9.22: Images of a distal fractured tibia from the archaeological site of Stix and Leaves 
(Colorado). 
 
Scanning electron microscope: 
The electron microscope images of the tibia showed linear striations on the bone surface, which 
extended to the bone margins, though in places there was some slight reduction in their 
definition that could suggest abrasion and minor pot-polish. Some transverse cuts were visible 
on one bone margin, which is thought to derive from accidental damage produced when 
removing the S.E.M. sample with a saw. Also at the distal end was an oval scar where a flake 
had spalled off the bone, but this was localised with clearly demarcated borders (Figure 9.23), 
and unlike the bevelled, irregular edge of the pot-polished bone. The spall most likely occurred 
when the bone was hit to break it for marrow extraction. 
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Figure 9.23: S.E.M. images of a fractured unfused tibia from Stix and Leaves Pueblo 
(Colorado). The appearance differs slightly from those of the pot-polished bones as the linear 
striations extend to the bone margin (the transverse lines are thought to derive from accidental 
saw cuts produced when removing the sample for imaging).  
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 The images differed from those of the pot-polish tibia, where a strip along the bone 
margins had been removed through abrasion with the cooking vessel (see Figure 9.22), 
interrupting the normal linear striations seen on the bone surface. The difference in appearance, 
and total absence of similar abrasion, makes it extremely unlikely that the bones were cooked by 
boiling (and stirring) in a ceramic vessel. It may be argued that the bone edges and surface 
features are less sharp than those on the control bone used as in the experiment, but this is 
minimal and undoubtedly reflects its archaeological nature, with changes resulting from 
taphonomic factors, such as post-depositional weathering or abrasion. 
 
Discussion 
Comparison between pot-polished and non-boiled bones shows a clear difference where the tip 
has been abraded and the surface bone layers removed, while the remainder remains relatively 
unaltered. To further attribute this type of modification to pot-boiling, comparison was made 
with S.E.M. images from other research, of bones that had undergone different treatment. For 
example, examination of S.E.M. images of bones modified as tools revealed that artefacts, such 
as awls, also exhibit linear striations when used to work with skins, pottery and plant material 
(Buc 2011). However, all differ in that their utilisation produces strong linear ridging that 
crosses the ‘grain’ of the bone (Figure 9.24), making its appearance unlike the pot-polished 
bone.  
 
  
Figure 9.24: Left: Striations on bone caused by piercing skin during working (Buc 2011, 
Figs.17a and 17b).  
 
 A greater similarity is seen on S.E.M. images of a bone ground with stone (Buc and 
Loponte 2007), inasmuch as the ridging follows the bone’s long axis. However, the furrows 
produced are significantly deeper and more localised in nature (Figure 9.25); furthermore, the 
modification occurs away from the bone ends. Other examples include electron microscopy of 
an archaeological awl and harpoon. Surface changes on the awl appear as short, smooth 
transverse striations that cross the linear bone tissue (Figure 9.26), while images of the harpoon 
tip show that it has generalised smoothing and rounding (Figure 9.27), but lacks the localised 
bevelling seen on pot-polished bone. 
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Figure 9.25: The result of grinding 
bone with stone (S.E.M. x65). The 
resultant ridges follow the length 
of the bone, but are deeper than 
those of the pot-polished bone 
(Buc and Loponte 2007, Fig.4) 
Figure 9.26: Awl recovered from a 
South American archaeological 
site (S.E.M. x65). It exhibits short, 
smooth transverse striations (Buc 
and Loponte 2007, Fig.6). 
Figure 9.27: The tip of an 
archaeological harpoon (S.E.M. 
x65). Its tip is polished, but differs 
from the pot-polished bone (Buc 
and Loponte 2007, Fig.28). 
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9.1.5.3 Example 2: Whole femur 
The next sample examined was a pot-boiled rabbit femur, which was compared with one from 
an uncooked rabbit (control), with both examined macroscopically and using a low-
magnification binocular microscope before S.E.M. scanning. 
 
a) Low-magnification microscope: 
The distal medial condyle was selected for examination as it protruded more distally than the 
lateral condyle, making it more likely to have come into contact with the vessel walls. A strip 
was removed from both distal medial condyles by sawing, and mounted for coating with the 
articular surfaces upwards. The only change evident upon pre-S.E.M. examination was minor 
surface crazing, which was noted on both the pot-boiled and uncooked bones (Figures 9.28 and 
9.29); though that of the pot-boiled bone seemed slightly more pronounced. 
 
                                 
                 
Figure 9.28: Distal medial condyle from a whole pot-boiled left femur, showing bone crazing. 
 
9: Experiments: Cooking, consumption, and beyond 
P a g e | 589 
                                   
                   
Figure 9.29: Distal medial condyle of whole uncooked right rabbit femur, showing slight crazing 
of the condyle. The lower image is shown in colour and greyscale. 
 
b) Scanning electron microscope:  
S.E.M. imaging was started at x19 magnification to obtain an overview of the bone sample, and 
then gradually increased to x65 and x500 magnification (Figures 9.30 to 9.32) Both condyles 
exhibited surface cracking, with that of the pot-boiled bone seeming to have a more regular, 
linear configuration, while patterning on the uncooked bone appeared less-structured and more 
random. Such differences were attributed to cooking and the resultant effect on collagen the 
fibrils and their alignment (see Chapter 3). 
 
9: Experiments: Cooking, consumption, and beyond 
590 | P a g e  
   
   
   
Figure 9.30: S.E.M. images of whole uncooked (left) and pot-boiled (right) medial distal femoral 
condyles from rabbits at x19, x65 and x500 magnification. 
 
The whole condylar surface was examined, rather than limiting it to the border itself or 
the central part of the articular surface. The reason for this was that one factor that could 
produce similar bone polish would be osteoarthritic changes and joint eburnation, given its 
anatomical position, though no such pathological changes were evident when the bone was 
examined macroscopically or with the low-magnification microscope. Viewed at greater 
magnification, the pot-boiled bone surface seemed to be smoother than that of the uncooked 
rabbit, with the bone cracks seeming ‘cleaner’ and more sharply defined, with less ‘debris’ 
attached to them. When viewed at x500 magnification the bone surface seemed considerably 
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smoother with far fewer undulations or surface peaks. One difference that was noted was that 
while the pot-boiled bone surface seemed smoother, in some areas it had lifted (Figure 9.33). A 
second area was then examined to further exclude the possibility of any localised polish being 
caused by degenerative changes, but this gave comparable results. 
 
Uncooked: 
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Figure 9.31: S.E.M. images of whole uncooked medial distal femoral condyles from rabbits at 
x19, x65 and x500 magnification. 
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Pot-boiled: 
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Figure 9.32: S.E.M. images of whole pot-boiled medial distal femoral condyles from rabbits at 
x19, x65 and x500 magnification. 
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c) Archaeological sample: Femur 
The sample comprised the distal medial condyle from a whole fused femur, and came from 
cottontail rabbit (Sylvilagus sp.) bones in an assemblage recovered from the prehistoric site of 
Wallace Ruin (Colorado, USA).  
 
Low-magnification microscope:  
The bone was selected due to its microscopic appearance, which showed crazing on the articular 
surface, and surface shine, which suggested that they may have been pot-boiled (Figure 9.33).  
 
  
Figure 9.33: Distal right femur (left) and medial condyle (right) of a cottontail rabbit from the 
prehistoric site of Wallace Ruin (Colorado). 
 
Scanning electron microscope: 
The S.E.M. images of the femoral articular surface showed superficial crazing (Figure 9.34), as 
seen on the rabbit bones from the pot-polish experiment. Comparison with the cooked and 
uncooked bone images revealed the crazing to be more like that of the cooked, pot-boiled bone, 
given its linear patterning. However, such patterning seemed less pronounced at the anterior and 
posterior ends of the articular surface, so similar areas of the bone were compared. 
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Figure 9.34: S.E.M. images showing crazing of the articular surface of a femoral medial condyle 
on a rabbit bone recovered from Wallace Ruin (Colorado). 
 
 One area of the condyle appeared to have an angled surface that could represent 
abrasion or polishing of the bone (Figure 9.35), but this was discounted due to the regularity of 
shape around the end of the condyle, and straight, clearly defined junctions between the bone 
surfaces. Subsequent comparison with the control femur confirmed this angled surface as being 
normal anatomy. However, areas adjacent to this junction appeared smoothed, and seen as 
exhibiting pot-polish. 
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Figure 9.35: S.E.M. images of the medial femoral condyle of a cottontail rabbit (Sylvilagus sp.) 
femur recovered from Wallace Ruin (Colorado). While the angled surface (dashed line) is 
regularly defined, making it more likely to be a normal feature of the bone, the edges adjacent to 
it appear to be smoothed (arrowed). 
 
 Imaging at higher magnification revealed other sites where the bone appeared to have 
been abraded, with areas where patchy areas of polish were present or linear scratches (Figure 
9.36). 
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Figure 9.36: S.E.M. image (x250) showing patchy smoothing of the bone surface (top) and 
linear scratches (below), both attributed to abrasion and polish. 
 
9.1.5.4 Example 3: Lumbar vertebra spinous process  
The third bone used was a lumbar vertebra, with the spinous process examined (Figure 9.37). 
This was selected as it protruded significantly from the surrounding tissue (which could also 
have contracted back during cooking) leaving the bone exposed. It was not deliberately 
fractured, and given its position would not have incidentally come into contact with a knife 
during disarticulation. Even skinning that area would have been performed by simply peeling 
off the pelt, rather than cutting. Therefore, any polish would be entirely attributed to contact 
between the bone and vessel wall. The comparative bone came from a pit-roasted rabbit (Figure 
9.38), which would not have incurred any abrasive contact with ceramic pot or stone surfaces. 
 
a) Low-magnification microscope: 
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Figure 9.37: Low-magnification images of a spinous process on a pot-boiled rabbit’s lumbar 
vertebra. 
 
    
                      
Figure 9.38: Spinous process on the lumbar vertebra of a pit-roasted rabbit. 
 
b) Scanning electron microscope: 
The areas examined on the pot-boiled and control rabbits were the domed dorsal surface of the 
vertebral spinous process, and the border between the dorsal surface and sides. Both vertebrae 
were initially examined with the S.E.M. using x30 magnification, and then at x85 and x250 
magnification. The results were imaged and the results from the pot-boiled rabbit compared 
with the control specimen. 
 Comparison at lower magnification showed that the surface of the process from the pit-
roasted rabbit appeared undulating and covered with numerous small round holes within the 
bone (Figure 9.39), while in the pot-boiled rabbit the holes were larger, elongated and more 
irregular in outline. The bone surface from this rabbit appeared coarser, with a linear patterning 
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aligned with the long axis of the spinous process (Figure 9.40). This dissimilarity in appearance 
was attributed to the surface of the spinous process being abraded by contact with the wall of 
the ceramic vessel during cooking and stirring, with the linear appearance caused by the bone 
dragging along the temper within the vessel fabric. The characteristics of this abrasion would be 
further pronounced due to the superficial nature of the spinous process, as after the rabbit was 
skinned there would be little residual overlying tissue left to protect it from such contact. Given 
that both rabbits had been cooked, the resultant changes cannot be attributed to heating or 
cooking alone, but ascribed to pot-polish and cooking within a ceramic vessel. 
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Figure 9.39: Images of the control (pit-roasted) rabbit vertebral spinous process, viewed at x30, 
x85 and x250 magnification. 
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Figure 9.40: Images of the vertebral spinous process from the pot-boiled rabbit, viewed at x30, 
x85 and x250 magnification. 
 
9.1.6 Discussion 
After boiling rabbit joints in a ceramic vessel the presence of pot-polish varied considerably 
between different elements, though as a technique for identifying anthropic activity is 
undoubtedly subjective. While it appeared quite visible and more obvious on some bones, this 
was not the case for others. Furthermore, while it was possible to identify the two extremes, 
especially with microscopy, objectively quantifying the intermediate extent of such changes was 
more difficult. This was particularly the case for the rabbit bones used in this experiment, 
though may be significantly easier in large mammal and human bones, given their increased 
size. 
Where ‘pot-polish’ is present, and viewed macroscopically or with low-magnification 
microscope, the results show that on jointed, fleshed rabbit bones this is manifest as localised 
rounding and bevelling of exposed fracture or articular surfaces, while the remainder of the 
bone suffers no such attrition as it is protected by overlying muscle. Given the general nature of 
bones it is likely that similar results would occur on other small mammal species, though 
anatomical variances could affect the degree of polish on bones of different species.  
The level of pot-polish produced varied between elements. In this experiment the 
fractured tibiae seemed the most susceptible of all bones to such modification. Most of the 
fractured surfaces were bevelled or rounded, with polishing evident on several, when viewed 
with the low-magnification microscope. Other bones exhibited polish, but their changes seemed 
less marked. There are several potential explanations for this. One possibility is that they were 
covered with more muscle layers, which contracted back less when heated, leaving less of the 
bone exposed to come into contact with the vessel wall. Another possibility is that these joints 
tended to remain in the centre of the pot, even with stirring. In each case the lack of polish is 
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attributable to less contact time between the bone and vessel wall. The strong muscles that 
connect to the rabbit’s tibia could mean that these are more likely to contract with heating, as 
they would have greater elasticity to enable it to jump. 
These results were compared with those of the ‘pot-polish’ replication experiment 
described by White (1992), who used defleshed mule deer metapodials broken by hard hammer 
over-anvil percussion into bone splinters. These ranged from 12 to 133mm in length, and were 
boiled with water in a replica Anasazi cooking pot of c.28cm diameter and c.30cm height, with 
corrugated sides. These were cooked for three hours and stirred for a total of 15 minutes (White 
1992, 121), similar to the rabbit experiment ones. Subsequent examination of the fractured ends 
of the bone fragments revealed that 42% had rounding and bevelling, with a total of 60% 
exhibiting some abrasion/polish in the form of rounding. Some correlation was noted between 
the degree of modification and length and weight of the bone fragment. Smaller fragments 
suffering less change; of 17 specimens under 30mm only one appeared to have any pot 
modification (White 1992, 122). Comparison between the two sets of results suggested that the 
deer bones had sustained more polish than the rabbit bones. This may have been due to size 
differences, as the smaller deer fragments had seemingly suffered less change than the larger 
ones. Furthermore, given that most rabbit bones come into White’s smallest size category, it 
suggests that either small bones are less susceptible to this modification or, more likely, that 
such changes are harder to identify on smaller bones or fragments. This may well relate to them 
having thinner cortex and therefore less bone surface on which to show bevelling. A further 
explanation for the seeming disparity between the bone polish from the rabbit and Mancos 
experiments could be the variation in the interior surfaces of the pots used. The replica Anasazi 
pot was described as having corrugated sides and well-tempered fabric, while the vessel used 
for the rabbits was undulating, but not excessively corrugated, with only moderately tempered 
fabric. 
The rabbit experiment also differed in that the bones were flesh covered when boiled, as 
it was reasoned that they would usually have been in this condition when cooked, although 
stock-making or grease extraction would have involved boiling defleshed bones. While 
archaeological evidence exists for boiling fragmented large mammal bones to extract grease 
(see for example Outram 2003), those of smaller animals are less likely to have been utilised in 
this way. Their small size would have yielded significantly little grease unless large numbers of 
bones were boiled together on an ‘industrial’ scale, though smaller quantities of bones could 
have been boiled, maybe with other ingredients, to make broth or stock, with the long bones 
broken to incorporate the marrow. The consequence of using fleshed rabbit bones was that all 
polish occurred at the fractured edges and, less visibly, at the articular ends on whole bones. 
 
The ultimate aim of such research is to employ this method to identify when bones from 
archaeological sites were cooked in a pot. It is therefore necessary to determine if there are any 
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possible ‘differential diagnosis’; namely other factors that could produce comparable bone 
changes, so that they could be eliminated and excluded. One area where differential results 
could arise, especially for fractured bones, is from use-wear on bone tools, such as awls. But 
while smoothing could be attributed to use-wear, the difference between the two is that a bone 
tool is likely to exhibit polish both on a fractured tip or point from use, and on the bone shaft 
from handling. Conversely, pot-polish from pot-boiling will be localised to the tip of the bone, 
and on areas exposed after the flesh contracts during cooking. Furthermore, although the 
Mancos experiment used defleshed, fragmented deer metapodia, in each case pot-polish was 
restricted to the tips of the bones, with no involvement of the shafts. A further differentiating 
factor is that much use-wear exhibits linear striations when viewed microscopically, as shown 
on archaeological examples of tools, and experimental studies of bone tools used for hide- and 
bark-working, or defleshing (Legrand and Sidéra 2007) (Figure 9.41).  
 
 
Figure 9.41: Top right: Archaeological pottery scraper. Left and below right: Experimental awl 
with S.E.M. images of the tool used for fresh hide-working (Legrand and Sidéra 2007, Figs.4 
and 13). 
 
One potential problem is that bone articular surfaces could become similarly modified 
by in vivo processes or pathological changes from conditions such as osteoarthritis. This can 
result in reduced cartilage thickness, eventually leading to abrasion and eburnation of articular 
surfaces. To exclude this as producing results comparable to those from pot-polish, S.E.M. 
images from other research were examined to characterise the bone changes they could produce, 
to compare them with the bones from the pot-polish experiment. One medical research example 
involved the femoral condyles of rabbits that had the menisci (the cartilaginous ‘shock-
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absorbers’) of the stifle joint surgically removed. As such this would cause abrasion between the 
femoral and tibial components of the joint due to the reduced cartilage. The results showed that 
over 12 weeks this produced some smoothing, but pronounced localised wear and bone erosion 
(Figure 9.42), changes that were absent on the pot-polish samples. Furthermore, the resultant 
changes occurred on the articular surfaces rather than on fractured ends of bones or surface 
margins. 
 
 
 
Figure 9.42: S.E.M. image (x80) showing extensive erosion of a rabbit femoral condyle, 2 weeks 
(top) and 12 weeks (below) after surgical meniscectomy. The resultant joint abrasion has 
produced small areas of surface smoothing but also caused localised bone erosion, with 
subchondral bone visible (asterisks) (Korkala et al. 1984, Figs.2 and 6). 
 
 It is also necessary to identify other factors that could produce surface changes on bone 
similar to pot-polish. However, most modification results in linear patterning on bone. These 
include butchery, whether due to cutting, skinning, or defleshing, while the invasive nature of 
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chop-marks precludes any similarity to pot-polish. Weathering produces a cracked surface 
(Behrensmeyer 1978), while sedimentary abrasion has been shown to produce linear striations, 
as does trampling, and gnawing, while root etching produces sinuous indents into the bone 
surface (Fisher Jr. 1995), so completely unlike pot-polish. Water abrasion can produce some 
surface smoothing, and rounding of thin bone edges , but experimentation has shown that this 
varies with the material, and while coarse sands and gravels produce a ‘bright homogeneous’ 
surface, those subjected to finer sand, silt and sediments resulted in almost no modification 
(Fernández-Jalvo and Andrews 2003, 157-158). 
As with water abrasion the level of pot-polish is likely to be affected by different 
conditions and factors. These include variation in fabric temper coarseness, internal wall 
smoothness/roughness, and amount of corrugation present in the vessel used. Other contributing 
factors must include the length of time cooked, the amount of stirring, perhaps even the nature 
of the stirring implement used, and the quantity of the pot contents, especially relative to the 
amount of liquid, as all will affect the bone-vessel wall contact time. Variation in modification 
may also result from anatomical factors, such as the element concerned, bone maturity, and 
even pathology, with conditions like osteoporosis likely to cause susceptibility to this change. 
 A final consideration is whether the term ‘pot-polish’ is appropriate or adequate? While 
some superficial polish may be evident, the S.E.M. images clearly show that in some instances 
the bone is affected to greater extent, with more invasive abrasion of surfaces and partial bone 
removal in some areas. The term ‘polish-abrasion’ may be more appropriate, but this gives little 
indication of the extent to which the bone is affected. One solution may be to quantify the 
amount of polish-abrasion present, and assign levels based on this, for example: 
 
Level 1 – No change 
Level 2 – Minimal / Very slight, patchy polish 
Level 3 – Moderate polish-abrasion 
Level 4 – Significant polish-abrasion 
Level 5 – Very extensive abrasion 
 
 However, the problem remains that it is a subjective technique, and for the best results 
small mammal bones need to be examined with a microscope, and preferably a S.E.M. 
Assigning a level could help identify which bones were most likely cooked in a pot, though by 
taking the location of polish-abrasion into consideration it would help differentiate between 
cooked bones and those with smoothing from being used as a tool. Generalised abrasion not 
affecting the tip would most likely arise from weathering or ‘natural’ taphonomic processes, 
polish-abrasion localised to the tip or articular surface would most likely reflect cooking, while 
more uniform polish and tip wear would be more indicative of use as a tool. Bone tools such as 
those made from arctic hare recovered from Creswell Crags (Figure 9.43) would have been 
9: Experiments: Cooking, consumption, and beyond 
P a g e | 607 
hand-held for usage, with the result that such contact with human skin surface would have 
produced smoothing over parts of the bone with which they came into contact. The degree of 
smoothing would be related to the extent and nature of its use over time, and grease and skin 
oils from human hands would further amplify such effects. The degree of smoothing on areas 
such as the point would also related to its use; those used on rough materials being more likely 
to produce greater wear than those employed for softer materials. 
 
 
Figure 9.43: Late Upper Palaeolithic awls from Church Hole, Creswell Crags, made from Arctic 
hare tibiae (Lepus timidus). Left: The surface of the awl on the left is polished from handling. 
Right: The tip broke off the awl after its recovery (Creswell Heritage Trust 2001, Photo: British 
Museum). 
 
9.1.7 Conclusion 
The above experiment has shown that pot-polish is a valid phenomenon, and as a technique, 
identifying it is a useful anthropic indicator, given that it differs microscopically from most 
other modifications, with fractured bones seeming better for identifying pot-polish than whole 
bones. However, it is considerably easier to identify on larger specimens, such as human or 
large mammal bone, rather than small mammal bones. That said, it has been shown from this 
experiment that it can be used for smaller species, though the optimum results would result from 
visualising the affected bones using scanning electron microscopy. 
 Its strength as an experiment (and technique), lies in the fact that while the Mancos 
experiment was carried out under the ‘optimal’ conditions for producing polish using de-fleshed 
bones in a well-corrugated pot, this rabbit experiment was carried out using fleshed bones in a 
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vessel with smoother walls, and as such still produced significant changes in some bones. 
Recognising such changes could be applied to rabbit bones (and I suspect bones of other small 
species) that have been cooked in ceramic vessels, and used as a method for identifying 
anthropogenic activity. 
 However, identification is subjective (as are many zooarchaeological methods), and 
interpreting whether polish has occurred from cooking this way, and the extent, is difficult to 
accurately quantify. Identification could be improved by examination using a scanning electron 
microscope, which while time-consuming would help to identify more subtle surface changes 
less detectable by the naked eye. Such methods have been used for examining bone surface 
changes from other forms of bone tool use-wear (see for example Buc 2011), enabling 
microscopic changes and patterns (like striations) to be identified and linked with specific 
activities. 
While the experiment answers some questions, there are other questions that could be 
resolved by future research, such as: 
 What minimum criteria are necessary for this to be evident? 
 What specific factors most affect the amount of change present 
 Are there specific types of change that occur as the result of cooking in a skin bag rather 
than a ceramic vessel? 
 Future research could also include more detailed comparison between pot-polish and 
use-wear on bone tools to better identify similarities or differences, and so determine whether it 
is possible to definitely attribute such modification to one or other action. Though of course 
such processes need not be exclusive to each other, and a bone point bevelled during cooking 
could have subsequently become utilised as a tool because of its shape. One means of answering 
this would be by comparing pot-polished bone with the results of actualistic experiments, where 
a bone awl is manufactured and used on leather, such as for making holes. It would be equally 
interesting and useful to compare such experiment results with S.E.M. images of archaeological 
specimens such as the Arctic hare awls from Creswell Crags, some of which have been dated to 
12,580 ± 110 BP (Creswell Crags Museum & Heritage Centre 2009a). 
Repeating the above experiment using a skin bag would also be extremely informative 
in demonstrating whether pot-polish is produced when cooking meat in this type of vessel, and 
could potentially demonstrate that animals were cooked in skin bags if similar polish was 
produced. It is possible that the skin would be too soft.to produce polish or abrasion, even if 
well stirred, though conversely, the action of the bones against skin might result in increased 
polishing. The shape and style of various round-bottomed vessels has been attributed to them 
being skeuomorphic representations of earlier organic containers, such as made from skins, 
wood, or basketry, and evidence of polish could also confirm this hypothesis. Its presence on 
archaeological bones could help verify the utilisation of small and large mammals as boiled 
food in pre-ceramic societies. 
9: Experiments: Cooking, consumption, and beyond 
P a g e | 609 
Comparing such results with faunal material could even establish that smaller species 
like rabbits, squirrel, badger, or hare were cooked in skin bags, rather than using other methods, 
such as on a spit or directly on the ashes. Furthermore, given that ‘pot-polish’ is dissimilar in 
appearance to most bone modification it could prove a useful indicator for the introduction or 
use of pots when other evidence for them is absent. 
 
B. CONSUMPTION 
9.3 Marrow extraction 
There are three main ways in which marrow can theoretically be extracted from small mammal 
bones, either with percussion and breaking it open using a heavy object, such as a stone, 
manually snapping the bone, or biting the bone open. The first two methods were tried here as 
an experiential investigation, with the results of a biting experiment performed by other 
researchers then outlined. 
 
9.3.1 Using percussion to break long-bones open 
The first method attempted was using a cobble (Figure 9.44) to break open a long-bone. A 
rabbit’s defleshed hindleg was used, as it was considered that most meat would have been 
removed prior to accessing the marrow. The leg was placed on a hard surface, and the tibia hit 
with a cobble. The first attempt resulted in the use of too much force, and although the marrow 
was accessible, that part of the bone shattered, producing a number of small fragments, which 
(unless bone was also eaten) would have contaminated the marrow if it were for eating. Several 
further attempts were made, gradually using less force to hit the bone, and with only a little 
practice it was soon possible to apply just enough pressure to break open the bone without 
shattering the diaphysis. 
      
Figure 9.44: 
Breaking the tibia 
and fibula with a 
pebble, hitting the 
lateral aspect of the 
limb. 
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 After breaking open several bones it was clear that the marrow cavities of the humerus, 
tibia, and radius were very small, with that of the femur only marginally larger in diameter. 
Only an extremely thin artefact would have fitted into the cavity, so marrow extraction would 
have relied on significantly opening up the medullary cavity, or sucking out the contents. The 
marrow was quite solid, though warming the bone made it more liquid, making it potentially 
easier to remove by sucking. 
 
9.3.2 Manual snapping of long-bones 
Attempts to snap a long-bone manually to extract the marrow were less successful than using a 
stone, and despite the small size of rabbit this proved extremely difficult on raw bones, even by 
stronger individuals (Figure 9.45). Pressure was applied on different sides of the bone, in case it 
was easier to break from one direction, given its morphology, but it proved equally difficult. It 
was concluded that this method of accessing marrow was less likely; though for someone who 
had done this regularly or grown up with the practice it may have been more feasible. Cooking 
could also alter the ease with which a bone could be broken open, with heating it making it 
more brittle, facilitating the process. 
 
 
Figure 9.45: Trying to break the femur manually in the midshaft, with pressure applied to the 
anterior surface.  
 
9.3.3 Biting 
One main difference between the utilisation of large and small mammal bones is that those from 
small animals are more likely to be chewed up and digested (as are bird, reptile and amphibian 
bones), and/or bitten open to access the marrow within the medullary cavity. Such actions are 
significantly less likely in larger species, as the sheer size and the thickness of most of the 
cortex on the marrow-bearing bones would preclude such action, so biting small mammal bones 
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open to access marrow may be seen as a ‘specialised modification’ that sets their exploitation 
apart from that of larger species. 
 There are two main ways in which bones could be bitten open to access the marrow. 
Firstly, by biting transversely across the bone at the diaphysis, or biting at either or both 
metaphyses. Biting long bones at both ends (so the marrow could be sucked out, or tipped out if 
warm) would produce the diaphyseal cylinders seen at various archaeological sites, including 
Middle Palaeolithic Les Canalettes, Aveyron (France) (Figure 9.46). Alternatively, the bone 
could be bitten along the long axis of the shaft, breaking it open longitudinally. 
 
 
Figure 9.46: Rabbit bone (tibia) cylinders found at the Middle Palaeolithic site of Les Canalettes, 
Aveyron (France) (Cochard et al. 2012, Fig.8). 
 
 Experiments into the effects of biting open rabbit bones to extract marrow were carried 
out by Pérez Ripoll (2005), who identified that the main signatures from this practice took the 
form of notches in fresh fractured bone, and showed that such breakage would leave long, 
helical fractures with indentations caused by the human incisor or canine teeth. His experiments 
show that opposing human bite holes are clearly visible when bone fragments are refitted 
(Figure 9.47). Examination of rabbit bones from Cova de les Cendres (Spain) identified similar 
bite-marks, confirming their human origin. The same author compared these bite-marks with 
fox bites (Figure 9.48), which showed morphological differences between human and fox bites 
on bone (Pérez Ripoll 2005, 244-246). 
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Figure 9.48: A) Modern rabbit femur bitten by foxes. B) Rabbit femur with human bites from 
Cova de les Cendres. The notches made by fox teeth differ to those made by human teeth 
(Pérez Ripoll 2005, Fig.8). 
 
9.3.4 Discussion 
The small quantity of marrow within leporid bones may make it seem unlikely that anyone 
would bother to access this source of fat, but archaeological evidence, like the presence of bone 
cylinders and human bite marks on leporid bones proves otherwise. The method of breaking 
open the long bones may have varied between individuals and culturally, and while it seemed 
Figure 9.47: A humerus 
fractured during an 
experiment into the effects 
produced on bone when 
biting them open to 
access marrow. 
 
The opposing human bite 
holes can be clearly seen 
when the bone fragments 
are refitted (Pérez Ripoll 
2005, Fig.4). 
9: Experiments: Cooking, consumption, and beyond 
P a g e | 613 
difficult here to break open uncooked bones manually this may originally have been a skill 
gradually acquired from childhood, and relatively easy to do. 
 
9.3.5 Conclusion 
Despite the small size of rabbits and their bones, osteological evidence from archaeofaunal 
remains from sites across Europe, such as Les Canalettes (France) and Picareiro Cave 
(Portugal), suggests that marrow was considered a viable resource by human hunter-gatherers, 
whether for regular consumption or on special occasions. This was seemingly extracted using 
various methods, the most obvious of which was biting the bone open at both ends to produce 
cylinders. 
 
C. OTHER PROCESSES 
This last section examines other processes that affect bone, and based on observation rather than 
experiment. 
 
9.4 Cat gnawing of rabbit bones 
An incidental result of these experiments was that two cats inadvertently gained access to the 
bone remains of two rabbits that had previously been experimentally roasted and pot-boiled in 
the earth-oven. In both cases, the rabbits’ head and paws had been removed at the kill-site, so 
absent. Of the two rabbits, the one that was earth-oven roasted had been cooked whole, while 
the boiled rabbit had been jointed to fit it into a pot. The effect of the cats’ raid was to produce 
admixing of the two sets of cooked bones, but provided an excellent opportunity to examine the 
changes in rabbit bones produced by small carnivores. 
 
9.4.1 Background 
By the time the rabbit bones were accessed by the cats they had already been stripped of most of 
the rabbit meat (which had been eaten by human participants in the experiments), though some 
residual meat was still present on the bones. It is uncertain how long the cats were been raiding 
the rabbit remains, but it was long enough for them to have damaged several bones. These were 
easily separated from human action as there was no bone biting by people, and so the changes 
were examined and recorded as a further adjunct to the experiment. 
 
9.4.2 Results 
The effect of the cats’ teeth was clearly visible on some bones, while damage to others was less 
obvious. Those elements exhibiting the most damage were the flatter bones, such as the scapula 
and pelvis, though the femur was also punctured. 
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Scapula: 
The most noticeable effect of the cats on the rabbit bones was the presence of punctures in the 
blades of the scapulae, caused by their canine teeth. These had not only perforated the bone, but 
caused associated fractures across the blades, resulting in significant damage (Figure 9.49). 
Comparison with the scapulae damaged by projectiles (Chapter 8) shows that those chewed by 
cats tended to have a jagged, irregular outline, whereas the fractures on the scapulae damaged 
by arrows were a more regular, rounded shape. The cat bitten bones often had multiple smaller 
circular punctures from their canine teeth, while those damaged by projectiles had a single 
larger oval hole that corresponded to the shape of the point, though it would be possible for 
them to be damaged by more than one projectile. 
 
   
   
Figure 9.49: Extensive damage to two rabbit scapulae, caused by cats biting the thin cooked 
bones. 
 
Pelvis: 
Several innominate bones also exhibited cat damage, in the form of tooth-punctures and 
crushing, the latter leaving jagged edges on the bone (Figure 9.50). The jagged edges were 
clearly distinguishable from the straight, sharp edges created by cutting through the bone 
(Figure 9.51). 
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Figure 9.50: Cat damage inflicted on a rabbit pelvis. Their biting has created puncture holes 
(top), and crushing to the bone (below). 
 
 
Figure 9.51: Damage to a rabbit pelvis from butchery and cats. The sharp-edged linear break is 
caused by human jointing near the pelvic midline, while cat biting has created puncture holes 
(top), and crushing (below). 
 
Femur: 
More toothmarks and punctures were seen on rabbit femora, and while one proximal end bore 
evidence of jointing (so chopped across proximally to remove them from the pelvis), it appeared 
to have been further nibbled by the cats (Figure 9.52). 
 
9: Experiments: Cooking, consumption, and beyond 
616 | P a g e  
          
   
 
9.4.3 Discussion 
It is unclear how long the cats had been raiding the rabbit bones, and whether the bone damage 
had been opportunist or preferential selection of element, and deliberately sought out for their 
ease of consumption or taste. The puncture hole morphology differs to that reported by Pérez 
Ripoll (2005) for humans and foxes (Figures 9.47 and 9.48), though it could have been 
interesting to see the resultant damage after a longer period of time. 
 
9.4.4 Conclusion 
While much carnivore modification of bones can be attributed to canids, such as dogs, other 
carnivores can also leave clear evidence of interference. The puncture-marks made by the cats 
would be finer than most left by dogs and humans, but more robust and larger than smaller 
mustelid species like weasels and stoats, both of which will attack and eat rabbits. 
 
Figure 9.52: Damage to 
proximal (above) and distal 
(left) rabbit femora from cat 
chewing. The bones had 
been previously jointed and 
boiled. Cat tooth puncture 
holes are clearly visible. 
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9.5 Discussion 
These methods have been explored as potential ways of cooking rabbits (or other small 
mammals) that could have been used in prehistory. Other means could certainly have been 
employed, including cooking over hot coals (with the animal whole, jointed or spatchcocked), 
or cooked covered in clay in an oven, within a pit, or over hot coals on an open fire. The 
problem for archaeologists is identifying the different methods used, in order to better 
understand the lifestyles of prehistoric people. This problem is further compounded by the fact 
that many of the bone signatures for these prehistoric practices will be identical, or differ subtly 
at best, but experimentation has a place is trying to establish the limits of these parameters. The 
pot-polish experiment undertaken here is undoubtedly useful in adding to the available 
techniques. This methodology has only been tried once before, using deer bones (see White 
1992), but the results here prove that such changes do occur on small mammal bones, and 
despite being subtle could be used to confirm human utilisation. While some modification is 
visible macroscopically or using low-magnification microscopy, in special circumstances the 
more time-consuming and expensive S.E.M. could also be employed to further prove anthropic 
use. 
 The experiment here should be viewed as a starting point, and future work could help 
better define the cause and extent of ‘pot-polish’. The subject lends itself to a range of other 
possible experiments, trying any of a number of variables, all of which it is perceived will cause 
variation in the degree of bone polish produced. If one variable is changed at a time (leaving all 
other factors constant) it will better define the resultant effect. A series of comparable 
experiments could include: - 
 Using two vessels of identical size (even using a mould to produce vessels of the same 
size), but with some variation: 
o One could be a relatively smooth-walled vessel, and the other with a more 
corrugated wall  
o Made from different ceramic fabrics, one made from a coarser fabric and the 
other from a finer fabric. Using coarser materials would seem most likely to 
produce increased bone abrasion and polish, but this is unproven. 
 Using two round-bottomed vessels of differing sizes, but of the same fabric.  
o For each pair of experiments the pots would be filled with the same amount of 
cooking liquid, and cooked directly on an open fire using logs/coals. The water 
would be heated first by adding hot stones. The jointed rabbit would then be 
added and cooked for the same time in each case. 
 
Other future experiments could include: 
1 Cooking different species, such as squirrel or badger, to see whether any are more 
susceptible to such polish 
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2 Comparing the effect on different aged animals, such as juvenile and adult, to see 
whether immature bone is more susceptible. 
3 Variation in the vessels used: 
i) Different sizes: smaller or larger. 
ii) Different shapes: flat- and round-bottomed, wide, and narrow. 
iii) Made of different materials: such as skin, ceramic, or wood (with the liquid 
heated with stones), to see if softer materials cause less bone abrasion. 
iv) Different firing during pot manufacture: modern kiln or bonfire firing. Using a 
modern kiln could result in a more evenly fired or harder pot, which could alter 
the results. 
4 Variation in cooking: 
i) Different volumes of liquid within the vessels, or different quantities of meat 
joints within a certain volume.  
ii) Different cooking and stirring times, or different temperatures. 
 
9.6 Conclusion 
In conclusion, the above experiments and research have been extremely useful in elucidating the 
effect of different cooking practices on small mammal bones. Pot-polish has been proven to 
occur on bones of smaller species, and could be usefully employed to identify anthropic 
utilisation of such animals when ceramics were used. Further experimentation, to explore the 
possibilities of bone polish arising from cooking in a skin bag, would be a further invaluable 
method of identifying anthropogenic activity, if proven to work. 
 Having examined the whole ‘chaîne opératoire’ in detail, the next step was to compare 
the results with bones actually recovered from archaeological sites, to see whether comparable 
changes could be identified. In the next chapter, the leporid bones from four assemblages were 
examined, along with those from two control assemblages. These were then compared with the 
experiment results. In order to facilitate locating changes on bones, a new method of zonation 
was created and described, which is specific to small mammals. 
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CHAPTER 10 
 
 
 
ANALYSIS OF CASE STUDY ARCHAEOLOGICAL 
ASSEMBLAGES 
 
This chapter compares the experiment results with bones from archaeological assemblages, to 
see whether the types of modification identified have comparable parallels visible on small 
mammal remains. It introduces the four archaeological and two control assemblages examined 
to determine the types of fragmentation or bone modification present, and compares these with 
the bones resulting from the experiments described in Chapters 7, 8, and 9. It outlines the 
methodology used to examine bones and fractures, and describes a method of zonation adapted 
specifically for small mammal bones. 
 
10.1 Introduction 
Important indicators for identifying human utilisation inevitably include depositional context, 
skeletal part abundance, and evidence of bone modification. For larger animals, clear signs of 
human activity on bones may include the presence of burning, butchery marks (Lyman 1994), 
fragmentation during marrow extraction or grease rendering (Outram 2001), or deliberate 
shaping or alteration for use as an implement (Buc 2011). But while such processing can 
produce similar changes in smaller mammals’ bones, their size often means that there is a 
reduced likelihood of their carcases being butchered, divided or fragmented (such as during 
processing, cooking or consumption) to the same degree as those from larger mammals, thus 
reducing or even eliminating potential butchery-mark evidence. Even jointing the carcase can 
leave long bones intact and without cut-marks if division is through the joints themselves. The 
result is that any such evidence is frequently less clear-cut. 
 Burning-induced colour change is another useful indicator of anthropogenic utilisation, 
but in larger animals the areas most often affected are exposed bone ends, especially of jointed 
meat. Given that smaller mammals are less likely to be jointed due to their size, such changes 
are correspondingly less liable to occur on their bones, although head and paw removal may 
leave bone ends exposed and more susceptible to burning. However, shorter cooking times will 
be required as they are smaller and the meat thinner, so identifying anthropogenic activities like 
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cooking small mammals from whole bones by boiling or roasting may ultimately rely on 
biochemical methods, but where bone modification occurs it remains a useful indicator of 
human activity. This chapter examines bones from archaeological assemblages to see whether 
any exhibit typical or characteristic patterns, or compare with those deriving from the 
experiments. 
 
10.2 Methodology 
A main criterion when designing the research methodology was to adopt an approach that was 
flexible and accurate enough to subsequently compare subtle fracture patterns and evidence of 
modification on bones from different periods, contexts, and species, and enable inter- and intra-
site comparison. For this research, bones from four archaeological assemblages were subjected 
to detailed examination, which was essential in order to identify changes caused by human 
activity, so they were scrutinized for features that could represent ‘typical’ evidence of 
modification, such as cut-marks or burning, but with the research emphasis specifically directed 
towards examining gross fracture patterns as well as more subtle changes to the bone surface. 
All bones were therefore examined with two main areas of focus relating to changes or 
modification in mind; namely identifying gross changes and fracture patterns, and detecting 
more subtle evidence of surface alteration. Consequently, a combination of macroscopic, 
microscopic, and metrical analytical methods was employed. Macroscopic examination enabled 
identification of gross changes and the range of breakage patterns for each element, to 
determine which were most typical. Microscopic analysis then enabled more thorough 
examination of fine surface features. Metrical analysis was applied to include a non-qualitative 
means of quantification, and recording using zonation was utilised to more accurately locate 
such bone changes. All results were recorded manually on pro forma, then transferred onto a 
computer database. 
 
 Bones from four archaeological assemblages were examined. They comprised two from 
Britain, which came from the prehistoric site of Kent’s Cavern (Devon) and the Roman site of 
Whitehall Farm Villa (Northamptonshire) (Figure 10.1), and two from prehistoric Puebloan 
sites near Cortez (Colorado, North America) (Figures 10.2 and 10.3), not far from Mesa Verde 
National Park. In addition, bones from two control assemblages (one British, one American) 
were used for comparison. The assemblages are briefly introduced here, but discussed in more 
detail in Sections 10.3 and 10.3. 
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Figure 10.1: Map of Britain showing the location of Kent’s Cavern (Devon) and Whitehall Roman 
Villa (Northamptonshire) (after www.freeusandworldmaps.com 2010). 
 
 The British assemblages represented a prehistoric and historic site within the research 
area. They comprised a Palaeolithic assemblage from Kent’s Cavern, which came from secure 
deposits that had definite evidence of human activity, but could have included bones introduced 
by non-human agencies, and hare bones from an assemblage recovered from Whitehall Roman 
Villa (Northamptonshire). These were again the result of human feasting, providing a 
comparative example from the historic period. The two assemblages would provide an 
indication of the bone fracturing and modification that could be typical for North Western 
Europe, though it is acknowledged that more localised modification practices could have existed 
that would necessitate further research to clarify regional variations and their characteristics. 
The assemblages would enable comparison between bones from the two periods and those from 
the North American sites. 
 
 The Colorado prehistoric assemblages comprised leporid bones from Wallace Ruin and 
Stix and Leaves (Colorado, USA), with both assemblages kindly provided by Professor Bruce 
Kent’s 
Cavern 
Whitehall 
Roman Villa 
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Bradley who excavated both sites (Bradley 2010a). These sites were selected because most 
leporid remains from the sites were likely to derive from daily consumption or feasting by 
humans, though a few later intrusions may have been present. The exploitation of leporids, 
especially for feasting, by the prehistoric inhabitants of South-west North America is an 
accepted, well-documented concept (see for example Hockett 1998; Lubinski 2003; Shaffer and 
Schick 1995), with bones were recovered from pithouses and kivas
29
 on the sites. Such activities 
are recorded in ethnohistoric accounts and supported by the archaeology, so would give a good 
indication of the fractures or bone modification typical of such activity. Consequently, bones 
from sites in this region were employed as most bone modification would derive from human 
activity, though later intrusive deposits or modification by non-human predators cannot be 
totally excluded. 
 
 
Figure 10.2: Map of North America showing the location of Cortez, Colorado, near the Pueblo 
sites of Wallace Ruin and Stix and Leaves (after www.freeusandworldmaps.com 2009). 
 
 
 
                                                     
29
 Puebloan kivas are underground rooms that are often related to ceremonial activities (Horwitz and 
Smith 1990) so their deposits could result from ritual feasting, though in earlier periods kivas were also 
used for more mundane purposes. 
 
Cortez 
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Figure 10.3: Map of south-west Colorado showing the location of Wallace Ruin, Stix and 
Leaves, and other pueblo sites (Bradley 2010b, Fig.1.1). 
 
 These bones were used to identify the main modification features, such as gross fracture 
patterns, that were liable to have been caused by human action. By working from the known to 
the unknown, the intention was to identify any bone signatures characteristic of human activity 
using leporid bones from archaeological deposits where human exploitation had unequivocally 
occurred. These patterns were then compared with those obtained from actualistic experiments 
where the processing methods were known, and ‘control’ groups of modern rabbit bones from 
animals that had died ‘naturally’ and not been processed or eaten, to see whether similar 
signatures were also present. Given the large number of bones from these two sites, which had 
already been examined and been subjected to zooarchaeological analysis, the assemblages were 
sampled in each case. This was to provide an indication of the type of fractures that could occur, 
and in the case of the experiments, whether the resultant modification was seen to be present in 
archaeological assemblages. 
 
10.2.1 Macroscopic analysis 
Macroscopic examination of the bones was employed to identify any gross morphological 
changes present. The aim was to establish whether certain breakage patterns were specifically 
characteristic of human activity when compared to the action of different non-human predators, 
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and the nature of such modification. Analysis comprised identifying where breaks usually 
occurred and determining which parts of bones were most affected, in order to determine the 
nature or type of damage. The same elements were examined together to better identify such 
patterns, and all bones were examined for evidence of other modification, with the position and 
characteristics of bone breakage noted for non-whole bones. 
 Factors recorded included fracture outline (after Outram 2002) (Figure 10.4a-f), site, 
and surface texture (smooth or rough). Another non-illustrated variant was jagged, saw-tooth 
bone end (Figure 10.3g), which occurs in some cooking scenarios, such as after a long boiling 
time and with repeated percussion (Outram pers. comm.). 
 
                   
 
 
Figure 10.4: Common fracture outlines potentially present on bone: a) Helical b) Transverse c) 
Transverse and Longitudinal d) Diagonal e) Stepped diagonal f) Columnar g) Jagged
30
. Multiple 
types may be present on one broken bone as the result of one or more fracture event (Outram 
2002, Fig.6.2; Figure 10.3g produced courtesy of A.K. Outram). 
 
 The fracture end shape was also recorded in detail, as was the aspect on which the bone 
the fracture impinged most (Figure 10.5), in order to determine whether certain patterns could 
be linked to human utilisation and specific actions. Finally, bones were examined for post-
mortem modification like burning, butchery, etching, pathology, tooth-marks, and gnawing. All 
this information was recorded, along with the element, side, state of fusion, and zones present. 
The rationale for this method was that this combination should identify changes ‘typical’ of 
human activity, as well as local cultural variations in processing and cooking practices, based on 
the site of modification and residual skeletal components. 
                                                     
30
 The fractures a-f) arose during experimentation on a range of fresh to dry bone from a single percussion 
event, while fracture g) occurred after a long boiling time and with repeated percussion until the bone 
broke (Outram pers.comm.). 
a) b) c) d)   e)  f) 
 g) 
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10.2.2 Microscopic analysis 
Microscopic investigation, intended to complement macroscopic analysis, was introduced to 
facilitate identifying and examining small or superficial changes on bone surfaces. This was 
undertaken using a hand lens (x10 magnification) or low magnification Olympus SZ61 stereo 
zoom binocular microscope, using x6.7 to x45 magnification range, and recording images with 
an Olympus DP12 microscope digital camera. 
 
10.2.3 Zonation 
Zonation was employed to enable more accurate localisation and recording of the position of 
macroscopic and microscopic damage on bones. Rather than considering the skeleton (Figure 
10.6) or every bone as a whole entity, each element was subdivided into smaller sections 
(Figure 10.7). This facilitated comparison of different patterns of surface damage, breakage, and 
fragmentation, improving identification and localisation of such lesions that were deliberately 
anthropogenically modified.  
 
Example: ‘Area of bone 
removed by fracture’ 
classified as ‘Anterior’: The 
fracture impinges most onto 
the anterior part of the bone. 
Distal end of bone 
missing in assemblage  
Figure 10.5: The area of the 
bone (femur) removed by 
the fracture (i.e. anterior, 
posterior, medial, or lateral) 
Fracture site 
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Figure 10.6: Annotated whole rabbit skeleton (Royal Veterinary College 2012). 
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Figure 10.7: Bone elements and their ascribed zones, based on European rabbit (Oryctolagus 
cuniculus) bones and fragments: 
 
a) Skull: 
                
 
 
 
 
1. Nasal bones 
2. Frontal, anterior parietal, upper orbit 
3. Maxilla, anterior palate, diastema 
4. Posterior palate, inferior part of temporal 
bones 
5. Zygomatic arch 
6. Parietal 
7. Occiput, Foramen magnum 
  
 
2 
1 
6 
4 
3 
1 
2 
7 
3 
7 
6 
4 
5 
5 
5 
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b) Mandible: 
                          
 
8. Diastema, incisors 
9. Horizontal ramus, teeth 
10. Angle 
11. Ascending ramus 
11b       Condyle 
 
 
 
Postcranial elements: 
Upper limb: 
c) Scapula: 
 
 
12. Glenoid cavity (socket) 
13. Collum (neck) 
14. Spine 
15. Proximal body 
16. Distal body 
 
8 
14 
9 
11 
10 
16 
15 
13 
12 
      11b 
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d) Humerus: 
      
 
e) Radius: 
                   
   17 
       18 
      19 
       22 
21 
        20 
      23 
     25 
  26 
    27 
     24 
110. Head, Proximal epiphysis 
18. Bicipital protruberance 
10. Proximal shaft 
20.  Midshaft 
21. Distal shaft 
22. Trochlea / Olecranon fossa, 
distal epiphysis 
 
23. Radial head 
24. Proximal shaft 
25. Midshaft (Ulna scar) 
26. Distal shaft 
210. Articulation 
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f) Ulna: 
                
 
Pelvis and lower limb: 
g) Pelvis: 
       
                       34.  Ilium        35. Acetabulum 
                                                   36. Pubis       310. Ischium           
  
     33 
30 
29 
     31 
     32 
  34 
    35 
      36 
    37 
        36 
     37 
       35 
   34 
 
27. Olecranon process 
28. Trochlear notch 
30. Proximal shaft 
31. Midshaft 
32. Distal shaft 
33. Articulation, Distal epiphysis 
28 
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h) Femur 
          
 
i) Tibia and fibula: 
           
44 
        43 
46 
45 
     49 
      42 
      41 
      39 
    40 
51 
48 
47 
50 
Tibia:  
44. Head, Proximal epiphysis 
45. Proximal shaft 
46. Midshaft 
47. Distal shaft 
48. Articulation, Distal epiphysis 
 
Fibula: 
49. Head 
50. Proximal shaft 
51. Distal shaft & Junction with tibia 
38. Head, Proximal epiphysis 
37. Trochanters 
40. Proximal shaft 
41. Midshaft 
42. Distal shaft 
43. Articulation, Distal epiphysis 
38 
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Axial skeleton: 
j) Rib: 
             
 
52. Head                54. Tubercle, Proximal shaft  
53. Neck                55. Shaft 
 
 
k) Vertebrae: Cervical, thoracic and lumbar: 
     
 
  
56. Odontoid peg 
57. Body 
58. Spinous process 
59. Transverse process 
60. Laminae / Neural arch 
 
      58 
  56 
 59 
    57 
   60 
  54 
  53 
        55 
     52 
Atlas: Axis: 
  57 
    58 
     60 
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l) Sacrum: 
     
 
 
 Various authors have used zonation to subdivide large animal and human bones into 
smaller anatomical components for analysis, based on their distinctive morphological 
characteristics (for example, Dobney and Rielly 1988; Knüsel and Outram 2004; Watson 1979). 
In some instances the resultant data were used to produce histograms, based on whether more or 
less than 50% of a bone was present (Dobney and Rielly 1988), while other authors also 
specifically used the data to better address the issue of equifinality (Knüsel and Outram 2004). 
The method here was modified from these approaches to allow for smaller species’ bones. It 
was developed during this research through a ‘trial and error’ approach when initially analysing 
the Wallace Ruin leporid bone assemblage, and further tested by subsequently applying it to 
other leporid bones. This study examines lagomorphs, but similar zones could be used for other 
species’ bones if modified to allow for morphological differences in anatomy. 
 
 
  
61. Sacrum – proximal 
62. Sacrum – distal 
63. Spinous process(es) 
 
        63 
   62 
  61 
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10.2.4 Metrical analysis 
While the use of zones helps to more accurately pinpoint changes in bones, it is still a relatively 
subjective method. In order to further reduce the level of subjectivity within the analysis, all 
bones were measured as a more quantitative means of identifying changes from bone 
modification. Metrical analysis was undertaken using digital callipers following von den 
Driesch’s (1976) methodology for some measurements (Figure 10.8), while other measurement 
parameters were created by the author to better record where fractures occurred. 
 
           Bp 
                                            
           
  
Figure 10.8: Measurements taken for analysis. Because leporids have a femoral third trochanter 
a maximum breadth measurement (Gbt) was also taken across the lesser and third trochanters 
(after von den Driesch 1976, Figs.35b;35c). 
 
 
Depending on the nature of the bone or fragment, the measurements taken consisted of: 
 Maximum proximal and/or distal width (Bd) (Bp). 
 Greatest breadth across third and lesser trochanters (Gbt). 
 Maximum length of fracture fragment from proximal or distal end to the tip of the break 
furthest away (Figure 10.9 b or d). 
 Minimum length of fracture fragment from proximal or distal bone end to the closest 
end of the break (Figure 10.9 a or c). 
 Maximum length (GL) for whole bones to obtain a mean for bone length. 
Bd 
GB
T 
GL (Whole bones) 
Bp 
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 The combination of length and width measurements was employed to remove the size 
factor (Outram pers. comm.),  
 
 
                                               
 
 
 
 
 
 
Figure 10.9: Sites of measurements for fractured fragments of long bones; measuring from the 
intact articular end to the nearest and furthest part of the fracture. 
 
Zonation and metrical analysis were applied to assemblage bones to see whether there 
was a tendency for fragmentation or breakage to occur at specific points on the bone. This was 
not demonstrated in this thesis, due to space constraints. 
 
  
b) 
a) 
c) 
d) 
Key to fracture measurements: 
   a) Proximal bone to maximum proximal end of fracture 
    b) Proximal bone to distal end of fracture 
    c) Distal bone to nearest end of fracture 
    d) Distal bone to furthest end of fracture 
 
When the bone lacked its distal end, 
proximal measurements were taken 
When the bone lacked its proximal 
end, distal measurements were taken 
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10.3 Control assemblage: Herm (Channel Islands, UK) 
One critical aspect of this research was proving that unhealed bone damage and modification 
would mainly result from human activity, rather than from other non-human predators or natural 
agencies. It was therefore necessary to find suitable control ‘natural death’ assemblages 
(thanatocoenosis) to compare with the archaeological leporid bones from known occupation 
sites and those from the experiments. 
 
10.3.1 Origin 
A natural control assemblage of European rabbit bones (Oryctolagus cuniculus) was collected 
during a visit to the Island of Herm in the Channel Islands, which consisted of different numbers 
of elements (Table 10.1). As a small island, Herm boasts a total cat and dog population of about 
three animals and has no natural predators for small mammals, with no foxes or mustelids and 
only occasional visits by raptors from the mainland. However, myxomatosis (an infectious, 
disfiguring viral disease, fatal to rabbits) on the island means that when the animals die from the 
disease (or are shot by the inhabitants to end the animals’ suffering) the skeletonised remains 
often decay in situ. As such, the remains are unlikely to have been manipulated by either human 
or animal predators. 
 
Table 10.1: European rabbit bones (Oryctolagus cuniculus) recovered from the island of 
Herm and used as controls (excluding vertebrae, metapodials, carpals, tarsals and 
phalanges): 
Element Number* 
Skull: Cranial vault 1 
Skull: Maxilla 5 (includes one with L and R sides) 
Skull: Mandible 14 
Scapula 8 
Humerus 9 
Radius 6 
Ulna 7 
Pelvis 6 (plus 1 sacrum) 
Femur 30 
Tibia 12 
Whole, articulated hindleg 1 
Total 99 
  *Includes whole or part bones 
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10.3.2 Comparing the assemblage bones with the experiment results  
10.3.2.1 Projectiles 
Rabbit scapulae from Herm control assemblage were examined to determine whether such 
fractures had occurred ‘naturally’. While the sample size was limited (n=9) most breaks were 
linear with irregular, jagged edges (Figure 10.10), and as expected few exhibited any fracture 
patterning or modification that resembled projectile damage or were comparable to those from 
the experiments. A couple had fractures bordering on oval, which could have been caused by 
gun pellets, but most were linear. 
 
 
Figure 10.10: Fractured scapulae from modern Herm rabbits (Oryctolagus). Most breaks are 
jagged or linear, lacking the rounded oval shape seen on the projectile damaged scapulae. Two 
exhibited concave breaks that may have resulted from gun-shot (arrowed), though only one of 
these was rounded. 
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Table 10.2: Leporid bones exhibiting fractures or modification from projectiles at Herm: 
 Element 
Evidence of projectile damage 
Total 
Unlikely Possible Probable 
Number 
Scapula 
7 2 0 9 
Relative 
frequency (%) 
77.8% 22.2% 0% 100% 
 
10.3.2.2 Hyperextension 
Little evidence of hyperextension-induced damage to the ulna or humerus was present on any of 
the control assemblage bones (Tables 10.3 and 10.4). Where anomalies were present in the areas 
examined, most could be attributed to plant or invertebrate action. 
 
Table 10.3: Evidence for hyperextension in rabbit humeri from Herm: 
Humerus Normal Indet. 
Anomalous 
Total 
Posterior Anterior Medial Lateral 
Number 4 0 0 2* 2* 1 8 
Relative 
frequency (%) 
50% 0% 50% 100% 
* Most damage deriving from root etching and molluscs, rather than fractures 
 
Table 10.4: Evidence for hyperextension in rabbit ulna from Herm: 
Ulna 
Normal 
anconeus 
Indet. 
Anomalous 
Total 
Anconeus Coronoid Medial Lateral 
Number 7 0 0 0 2* 1* 7 
Relative 
frequency (%) 
100% 0% 0% 100% 
*These were all at a distance from the joint, suggesting other causal factors 
 
10.3.2.3 Pot-polish 
Bones from the pot-polish experiment were compared with the fractured tibiae from the earth-
oven roasted rabbit, and the ‘natural’ death assemblage rabbits recovered from Herm. The 
rabbits from the island used for comparison had been shot by the island’s occupants, but no 
attempt had been made to cook or eat them due to them having myxomatosis. They had been 
left where they were killed and so any skeletal modification, such as rounding or bevelling, 
would have been due to weathering. As such, this extended along the length of the exposed bone 
rather than being localised to the tip or fractured ends. While several surface striations 
suggestive of gnawing were present, the broken edges of the bone were relatively crisp and 
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clearly defined, as they were on the roasted bones, with no comparable modification to those 
with ‘pot-polish’ (Figure 10.11). 
 
 
Figure 10.11: Rabbit tibia from Herm.These animals were shot because of myxomatosis, so not 
eaten by humans. The bone edges appear fairly crisp and uniform, with no obvious smoothing 
or polish. Some minor weathering has occurred, but this is across the whole bone surface and 
has not produced the same localised bevelling. 
 
10.4 Control assemblage: Cortez kiva cottontails (Colorado, USA) 
A control assemblage was needed to compare with the Wallace Ruin cottontail rabbit 
(Sylvilagus spp.) bones, and this was kindly provided by Professor Bruce Bradley. His research 
had led him to construct a subterranean kiva in Colorado several decades ago to examine the 
decay processes of this structure over a period of time. Following the collapse of the roof (and 
protective mesh that originally precluded access to animals) (Figure 10.12) a number of rabbits 
had accidentally fallen into the kiva, and being unable to escape had subsequently died.  
These dead rabbits were left in place within the kiva as part of the experiment, and it 
was these that provided the ideal ‘natural’ comparative assemblage, as they had not been killed 
or processed by humans, nor killed by larger predators or raptors, both of which would have 
removed all, or part of, the remains. The vertical kiva sides precluded entry and escape to most 
mammals, although the remains of a wooden ladder had enabled access to smaller climbing 
species, like squirrels. It is possible that climbing predators, such as mustelids or small cats, 
could have attacked the trapped rabbits, but while there was certainly evidence of toothmarks 
and gnawing on a few bones it was not extensive. Furthermore, these species were considered 
unlikely to disturb the carcases violently enough to cause significant musculo-skeletal damage 
or avulsion fractures; had the predators been strong enough, or large enough, to cause such 
damage they would have simply removed the whole rabbit. 
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Figure 10.12: The inside of the experimental kiva into which the rabbits had fallen and 
subsequently died (Photo: B. Bradley), and the location where each rabbit was found. Rabbits 
2, 3 and 4 were on a raised ledge leading to an air vent (Rabbit icon: Find Free Clipart 2008). 
 
Four rabbits were excavated from the kiva, one from the main floor area and three from 
a raised ledge leading to a ventilation shaft. They comprised adult Sylvilagus, two smaller-sized 
rabbits (Rabbits 1 and 2) and two larger-sized. Three were almost whole, with Rabbit 4 
marginally more fragmented (Figure 10.13; Table 10.5) and showing evidence of gnawing by a 
smallish mammal, with puncture marks from canine teeth spaced c.0.5cm apart. When 
recovered, the thoracic region, pelvis and hind limbs were connected, but each forelimb was 
separate. No skull was found, despite further localised excavation, so may have been displaced 
further afield or completely removed by a scavenger. 
 
3 
  2 
1 
4 
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Figure 10.13: ‘Control’ cottontail rabbits from the kiva. Top: Rabbits 1 (juvenile) and 2. Bottom: 
Rabbits 3 and 4 (Photo: B. Bradley). 
 
Table 10.5: Information on rabbits recovered from kiva for natural assemblage: 
Number Species Age Condition Parts present Location 
1. Sylvilagus 
Small 
Adult 
Mummified 
Toes gnawed 
Almost whole 
Feet damaged 
Kiva floor by wall & 
ladder 
2. Sylvilagus 
Small 
Adult 
Mummified 
Legs outstretched 
Whole Raised ledge 
3. Sylvilagus 
Large 
Adult 
Mummified 
Body twisted 
Missing part of 
forelimbs 
Raised ledge: facing 
inwards towards  
ventilation shaft 
4. Sylvilagus 
Large 
Adult 
Mummified 
Gnawed 
Toothmarks 
No cranium or 
mandible. 
Separate neck 
and forelimbs 
Raised ledge: facing out 
towards kiva interior 
 
      3 
1       2 
4 
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Carcase preparation: 
Though the skeletons were generally intact, conditions inside the kiva had resulted in the 
carcases becoming mummified, with varying amounts of soft tissue damage. They were initially 
left to soak in water for a day to rehydrate them and to encourage flesh decomposition. Enzyme 
was added with warm water to speed up this process, and the solution renewed daily during the 
first week, with the bucket contents sieved daily and any separated bones removed. The rabbits 
were then left soaking for several weeks. Surplus flesh was carefully removed and the remains 
re-soaked until the bones were clean and easily separated without pulling on any bones or joints. 
Boiling the carcases would have speeded up the preparation process, but this was discounted as 
it was thought that applying heat could cause muscle contraction, resulting in avulsion, so the 
slower maceration process was adopted. Care was taken throughout this process not to pull on 
any of the limbs, to avoid accidentally creating damage to attachment sites. When clean, the 
bones were air-dried naturally before being examined macro- and microscopically. Each 
numbered rabbit was kept separate throughout the process. 
 
Observations: 
A number of observations were noted from cleaning the kiva rabbits. There were no fractured 
limb bones among the rabbits, though parts were missing. It was assumed that they had fallen 
into the kiva, though it is possible that predators could have brought them into it in later years, 
but there was little evidence of this, other than gnawing on a couple of bones. The two sides of 
the pelvis (os coxae) always tended to separate along the symphysis pubis, rather than staying as 
a complete unit. Rabbit pelvic bones in assemblages often present this way, and so it cannot be 
assumed that their being in two halves is due to jointing during food processing. 
 
10.4.1 Comparing the assemblage bones with the experiment results 
The bones from Cortez control assemblage were compared with those from the experiments. 
 
10.4.1.1 Projectiles 
Given that the animals had died from falling into the experimental kiva, it was unsurprising that 
none exhibited evidence of projectile damage (Table 10.6). 
 
Table 10.6: Leporid bones exhibiting fractures or modification from projectiles at Cortez: 
 Element 
Evidence of projectile damage 
Total 
Unlikely Possible Probable 
Number 
Scapula 
8 0 0 8 
Relative 
frequency (%) 
100% 0% 0% 100% 
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10.4.1.2 Hyperextension 
Most of the limbs were still articulated when recovered, and subsequently carefully 
skeletonised, so little evidence of hyperextension was present (Tables 10.7 and 10.8). However, 
the anconeal processes of two of the ulna had slight undulation to the border, which may 
represent in vivo stressing. 
 
Table 10.7: Evidence for hyperextension in rabbit humeri from Cortez: 
Humerus Normal Indet. 
Anomalous 
Total 
Posterior Anterior Medial Lateral 
Number 7 1 0 0 0 0 8 
Relative 
frequency (%) 
87.5% 12.5% 0% 100% 
 
Table 10.8: Evidence for hyperextension in rabbit ulna from Cortez: 
Ulna Normal Indet. 
Anomalous 
Total 
Anconeus Coronoid Medial Lateral 
Number 5 1 2 0 0 0 8 
Relative 
frequency (%) 
62.5% 12.5% 25% 100% 
 
10.4.1.3 Pot-polish 
As expected, none of the bones exhibited any patterning or modification that resembled pot-
polish. 
 
10.5 Archaeological assemblage: Kent’s Cavern assemblage (Devon, 
UK) 
Small mammal bones from Kent’s Cavern, in the Torquay area of South Devon, were also 
examined. Most of these were originally recovered by William Pengelly during excavation of 
the cave in the latter part of the 19
th
 century (mainly 1846 and 1865), along with remains of 
larger species, which derived from the mid-Pleistocene to the Holocene. But although Pengelly 
established his own method of recording stratigraphy, the excavation technique he generally 
employed was fairly crude and mainly carried out by workmen using shovels (Warren and Rose 
1994). It may therefore be assumed that in the absence of hand trowelling or sieving spoil that 
many small bones, and therefore much data particularly for smaller species, would have been 
lost. However, some small bones were recovered; these are stored with the remainder of the 
assemblage at Torquay Museum. The bone remains suggest that the faunal species occupying or 
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utilising the cave varied over time, with human activity there during some periods (MacEnery 
1859). 
 
10.5.1 Method 
Following discussion with Torquay Museum curator Barry Chandler, who is familiar with the 
site and deposits, the bones from the ‘black band’ (Figure 10.14; Table 10.9) were targeted for 
examination. This comprised an occupation layer of dark sediment that radiocarbon dating of 
bone showed contained material from mainly the Late Upper Palaeolithic period (c.20kya-
13kya). Although cave use continued until at least the medieval period, the upper sediments had 
unfortunately been disturbed, with intrusion of later activity into earlier deposits and admixing 
of the stratigraphy. Consequently, while remains from the Late Mesolithic and Neolithic periods 
were present in the sediments above this layer, those bones unfortunately could not be reliably 
identified without being individually radiocarbon dated (Chandler pers. comm.). 
 
 
Figure 10.14: The faunal material from Kent’s Cavern came from the Black Band, which dated 
to the Late Upper Palaeolithic (Warren and Rose 1994, Fig.H). 
 
 The bones of all smaller species recovered from the ‘black band’ were located through 
systematic examination of the Museum’s computerised database, along with those bones 
recorded as ‘fragments’ with no indication of whether they came from large or small species. Dr 
Roger Jacobi, of the Natural History and British Museums, had previously examined all the 
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bones during the 1990s (Chandler pers. comm.), identifying them to element and species where 
possible, so no further identification was performed on them. The bones were thoroughly 
examined macroscopically and using a hand lens to visualise fine detail. The location, Pengelly 
number, modern Museum number, element, and species were recorded, and any fractures or 
other suggestion of anthropogenic activity noted. The number of bones examined was dictated 
by those recovered from this layer. 
 
Table 10.9: Arctic hare bones (Lepus timidus) recovered from the black band at Kent’s 
Cavern, and examined for this research: 
Species Element Number 
Lepus timidus Mandible 1 
Lepus timidus Humerus 1 
Lepus timidus Radius 1 
Lepus timidus Ulna 2 
Lepus timidus Femur 2 
Lepus timidus Tibia 1 
Lepus timidus Long bone fragments 5 
Lepus timidus Rib 1 
Total  14 
 
 
10.5.2 Results 
Examination of the database clearly indicated that excavation had recovered more bones from 
larger mammals than smaller mammals, and it is unlikely that the relevant species abundances 
were accurately representative due to the recovery techniques employed. The smaller, non-
ungulate bones recovered from the ‘black band’ comprised hare, beaver, and fox, whilst the 
upper layers also included rabbit and much badger (Outram pers. comm.). Unfortunately, most 
of the bones were fragmented, but bore no evidence of toothmarks or carnivore gnawing, nor 
any suggestion that they were introduced by raptors. A further possibility was that they arrived 
in the cave deposits through natural geological agencies, such as water and/or soil movement. 
 
Hare (Lepus spp.): 
A total of 52 hare bones were present, most of which were Lepus timidus, though one bone from 
Lepus variabilis (mountain/blue hare) was also identified. Of these, unfortunately only ten 
definitely came from the ‘black band’ layer, and only two bones exhibited any definite 
suggestion of human modification. These had fine cut-marks on them. Another was recorded as 
having a small trace of burning on it, though this was subtle.  
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Beaver (Castor fiber): 
Only five beaver bones were recorded, with none from the ‘black band’. 
 
Fox (Vulpes vulpes): 
Only a single fox bone was identified, namely part of the horizontal ramus of a mandible with 
three teeth. No evidence of human modification was seen. 
 
10.5.3 Comparing the assemblage bones with the experiment results  
The small mammal bones from the ‘Black Band’ in Kent’s Cavern cave were examined for 
comparison with the experiment results, and applying new techniques to the archaeological 
remains. The absence of a microscope at the Museum meant that the bones were examined for 
comparable changes with a hand lens.  
 
10.5.3.1 Projectiles 
The main elements examined for projectile damage in the experiment were scapulae, and none 
were recovered from the relevant cave layers. 
 
10.5.3.2 Hyperextension 
Unfortunately, only a single humerus was recovered from these deposits, and only one ulna 
(Tables 10.10 and 10.11). The humerus had some damage to the posterior aspect, which could 
potentially be related to hyperextension. This ulna derived from a juvenile arctic hare (Lepus 
timidus) (P14279), with the proximal ulna unfused and some surface abrasion present. The 
anterior part of the anconeus was missing a small piece of bone (Figure 10.15), which 
corresponded to the scarring on the ulna of the sheep and bone modification present experiment 
rabbits that had been subjected to joint hyperextension. The coronoid process, inferior to the 
trochlear notch, also appeared to have sustained some damage.  
 
Table 10.10: Evidence for hyperextension in rabbit humeri from Kent’s Cavern 
Humerus Normal Indet. 
Anomalous 
Total 
Posterior Anterior Medial Lateral 
Number 0 0 1 0 0 0 1 
Relative 
frequency (%) 
0% 0% 100% 100% 
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Table 10.11: Evidence for hyperextension in rabbit ulna from Kent’s Cavern 
Ulna Normal Indet. 
Anomalous 
Total 
Anconeus Coronoid Medial Lateral 
Number 0 0 1 0 0 0 1 
Relative 
frequency (%) 
0% 0% 100% 100% 
 
 
  
   
 
 While such damage may have occurred in the course of the bone being abraded, given 
the research experiment results (see Chapter 8) it is possible that this may be anthropogenic in 
origin and was produced during deliberate hyperextension of the elbow, causing a small piece to 
be spalled off. Furthermore, the distal shaft of the ulna had been broken so the distal end of the 
Figure 10.15: Juvenile arctic hare ulna from the ‘Black 
band’ layer of Kent’s Cavern: a,b) The anterior part of 
the anconeus appears to have had a small piece of 
bone removed (arrowed), similar to other 
hyperextended bones. c) The fractured distal shaft 
also suggests human removal of the animal’s paws. 
a) 
b) 
c) 
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bone was absent. The appearance of the fractured end was more in keeping with human 
modification than due to non-human predators, and suggested deliberate anthropogenic removal 
of the animal’s paws. 
 
10.5.3.3 Pot-polish 
One hare mandible (P7747) showed evidence of cuts on the lingual surface of the horizontal 
ramus, while the fractured end of a tibial shaft displayed slight abrasion, though most likely too 
localised to represent pot-polish. Such modification would not be expected in the Palaeolithic, 
but it is not known whether cooking in skin bags could potentially produce comparable surface 
abrasion.  
 
10.6 Archaeological assemblage: Wallace Ruin ancestral Pueblo kiva 
A quantity of leporid bones comprising mainly cottontail rabbit (Sylvilagus spp.) and a few 
jackrabbit (Lepus spp.) was recovered, along with other faunal remains, during excavation of the 
remains of an ancestral Pueblo Indian kiva at Wallace Ruin (5MT6970) near Cortez (Colorado, 
U.S.A.)(Figure 10.16). 
 
Figure 10.16: Artist’s reconstruction drawing, showing how Wallace Ruin is thought to have 
appeared (Drawn by Charles Peterson, used with kind permission of B.A. Bradley).  
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 Leporid bones are often found on North American prehistoric sites, along with remains 
from turkeys and larger mammals, and there is ethnohistoric and archaeological evidence for 
communal hunting and feasting on cottontail rabbits and jackrabbits. The well-preserved 
assemblage examined here came from a sealed context under a floor within a ceremonial kiva
 
on 
the site (Figure 10.17). As such, the bones were mainly considered to represent the result of 
deliberate human activity, specifically ritual feasting, with a negligible number thought to be 
later intrusions. 
 
 
Figure 10.17: Map plan of Wallace Ruin. The bones were recovered from the western kiva 
(Bradley 1988, Fig.1). 
 
 The excavation, which was directed by Bruce Bradley and carried out between 1969 
and 1998, revealed that the multiphase prehistoric site underwent major construction phases in 
c.A.D.1040 and c.A.D.1090, then was in use until the middle of the following century, and 
finally reused in the 13
th
 century. It consisted of a settlement with multi-storey habitation, with 
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both elevated and intrusive intramural kivas
31
 and considered a Chaco Greathouse outlier 
(Bradley 2010a, 7). 
 To ensure good recovery of smaller elements, spoil was sieved using ¼" mesh screens 
(Bradley 1988), and the bones analysed by a zooarchaeologist who identified the leporid 
component as being white-tailed jackrabbit (Lepus townsendii) and cottontail rabbit (Sylvilagus 
spp.). Most of these latter were identified as desert cottontail (Sylvilagus audubonii), with a few 
Nuttall’s cottontails (Sylvilagus nuttallii) also present, based on the anatomical characteristics of 
skull bones and mandibles (Shelley 1993, 112). The leporid bones examined for this research 
generally comprised this assemblage, although a number of leporid tibiae, modified as 
‘tinklers’, had been removed for analysis by material culture specialists (Bradley pers. comm.). 
 During previous analysis the bones had been washed, sorted, labelled with the context, 
and bagged according to element. For this study the same elements were examined together to 
improve identification of characteristic bone modification patterns. Each element was initially 
further sorted into groups according to the parts of each element present, such as proximal or 
distal end, and fracture site, to facilitate comparison. 
 
10.6.1 Results: Wallace Ruin kiva leporid bones 
Bone preservation from the site was good, allowing detailed examination of cortical surfaces. A 
small sample of several hundred bones were examined for gross changes, while specific bones, 
selected as being those most likely to be modified during butchery or human consumption (main 
marrow-bearing bones, mandible and skull) were subjected to more detailed microscopic 
examination. These results are described below by element. 
 
10.6.2 Gross macroscopic changes to bones 
10.6.2.1 Skull  
 
Figure 10.18: Rabbit anatomy: the skull (Crabb 1931, Fig.2). 
                                                     
31
 Kivas were subterranean structures, variously used by the Pueblo for ceremonies, or living. They were 
usually circular in shape, and accessed via a ladder through a square in the roof. 
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Although a couple of intact skulls (Figure 10.18) were recovered, the majority were 
fragmented, probably reflecting their fragile nature. It was apparent from the remains that the 
skulls could be damaged in a number of ways, though certain fragmentation patterns did emerge 
(see Figure 10.19a-l and Table 10.12). By far the most common fragments were those 
comprising one side of the maxillary dentition with a small length of zygomatic arch (see Figure 
10.19j). It may be argued that such patterns may merely reflect anatomical and morphological 
weaknesses instead of deliberate fracturing by people during processing and consumption of the 
rabbits. More fragile areas, like the thin cranial bones, would be particularly susceptible to 
damage, especially from the weight of overlying soil as the soft tissues decayed. However, the 
repeated occurrence of skull remains displaying the same type of breakage pattern suggests that 
they are more likely relate to deliberate human activity reflecting pre-defined cultural methods 
of dismemberment and butchery.  
 
 
 
Figure 10.19: a-l) Examples of the variation in skull bone fragments recovered from the site. 
These ranged from whole skulls to those that were significantly more fragmented (See Table 
10.2 for key). 
 
Table 10.12: Description of a sample of fractured skull remnants: 
 Characteristics Number 
a) Whole skull 2 
b) Skull minus occiput 2 
a) 
b) 
c) d) e) f) 
g) 
h) 
i) j) 
k) 
l) 
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c) Parietal and occipital area 1 
d) Frontal + temporal area 4 
e) One side of temporal/frontal 2 
f) Occiput only 1 
g) Frontal area+ maxilla 2 
h) Maxilla + malar only 4 
i) Both maxillary tooth rows 9 
j) Single maxillary tooth row 7 
k) Part of maxillary tooth row 27 
l) Upper nasal bones/palate 6 
Total 67 
 
 The occipital region was missing or broken on a number of skulls, with only one 
detached occipital bone present (Table 10.5f) and it was speculated that the lack of this part of 
the cranial vault has parallels with the marmot skulls recovered from the Clayoquot Plateau and 
Mariner Mountain sites on Vancouver Island. At that site, damage to the occiput was believed to 
have been caused by neck hyperextension for decapitation (Valentin and Le Goff 1998), during 
which the cervical vertebrae, especially the spinous processes, would impinge on the back of the 
skull. In either case this method may have been for general disarticulation of the carcase, or 
perhaps synchronous with brain extraction for consumption or pelt tanning. However, while 
some skulls show evidence of damage to the cranial vault, the presence of an intact occipital 
bone and the shape of the distal parietal bones on the rabbit skulls from Wallace Ruin suggest 
that there may be a tendency for the skull to naturally separate along the lambdoid suture. No 
evidence of burning was seen on any cranial fragments, suggesting the heads were either eaten 
raw, the flesh was removed and cooked separately, or they were removed before cooking and 
discarded, perhaps removing the brain for consumption and/or tanning.  
 
10.6.2.2 Mandible  
(Figure 10.20) 
                        
Figure 10.20: Rabbit 
mandible anatomy 
(Crabb 1931, Fig.2). 
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 Examination of the assemblage rabbit mandibles revealed that they fractured in a 
number of ways (Figure 10.21a-i) with the damage variously seeming to affect most parts of it. 
The gonial angle and ascending ramus (zones 10 and 11 respectively) were the parts most 
commonly damaged, which is undoubtedly partly due to the thin nature of the bone in these 
areas. Conversely, much of the broader, more robust horizontal ramus tended to survive.  
 As with the skull, the repeated occurrence of similarly shaped fragments typically 
comprising the same zones of the element could suggest an established culturally-determined 
method of butchery. One possibility is that the jaws of the dead rabbits were forcibly pulled 
open to access and remove the tongue, with the mandible consequently fracturing just inferior to 
the mandibular facet at the weakest part of the bone. Subsequent removal of the tongue, which 
may have been a delicacy, could be done by cutting through soft tissue and leaving cut-marks 
on bone, though the small size of these bones would necessitate examining the mandibles under 
a microscope. A similar process could also have been used to remove the large cheek (masseter) 
muscles. These two issues subsequently led to experiments to examine the effects of these 
activities on bone. 
 
 
a) 
f) 
e) 
d) 
c) 
b) 
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Figure 10.21: Different break damage seen on mandibles, ranging from minor damage to the 
mandibular angle (a) to more pronounced fragmentation (g-i). 
 
10.6.2.3 Vertebrae 
This study concentrated on long bones so the vertebrae were not examined, though the sacra 
were briefly examined. 
 
Sacrum: 
Few sacra were present, with most being whole or relatively intact. Where damage was evident, 
most was limited to reduction of sacral segments, which would have been consistent with 
butchery, such as jointing. Other damage comprised minor breakage of spinous processes or 
alae, and while some was probably due to abrasion or taphonomic processes rather than 
deliberate human action; skinning could cause such modification whether cutting the pelt from 
underlying tissues.  
 
10.6.2.4 Pelvis 
Few pelves survived as whole double-sided elements, with most reduced to single os coxae 
(Figure 10.22). It was initially thought that this could relate to butchery practices, but 
examination of ‘natural’ assemblages indicated that the two halves tend to separate along the 
symphysis pubis without human intervention. 
 
g) 
h) i) 
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Forelimb:  
10.6.2.5 Humerus  
 
 
Figure 10.23: Rabbit humerus, radius and ulna (Crabb 1931, Figs.11-13). 
 
 The humeri (Figure 10.23) in the assemblage ranged from whole bones to those with 
damage to one or both articular ends (Figure 10.24). The most common bone modification or 
fracture pattern present was absence of the upper shaft and proximal shaft. Taphonomically this 
area is more susceptible to damage because of its cancellous, trabecular bone, but when the 
Figure 10.22: Rabbit pelvis: 
Right os coxae (Crabb 1931, 
Fig.14). 
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humeral head was present it was rarely damaged, and fractures tended to occur more distally 
within the more compact bone of the diaphysis. This suggests damage caused by other factors, 
in this case, probably human action, and could be associated with carcase jointing or marrow 
extraction. 
 
 
Figure 10.24: The range of fracture patterns present in the humerus. 
 
 Fewer bones exhibited midshaft or distal fractures, though this was the second most 
common break-site. Despite the theory proposed that hyperextension could impinge on, and so 
damage, the distal articulation there was little evidence for any breakage in that area, and none 
comparable to the type of damage seen on bird bones by Laroulandie et al (2005a; 2005b; 
2008). Absence of such patterning could of course merely reflect difference in cultural practices 
when preparing or cooking these species, though elbow hyperextension was investigated during 
this research using Oryctolagus (see Chapter 8). It is possible that anatomical differences 
between Sylvilagus and Oryctolagus could result in such modification in one species and not the 
other, but this is unlikely given the anatomical similarities. Unfortunately, attempts to repeat 
this experiment with Sylvilagus on a research trip was prevented by a lack of cottontails locally. 
 It was also noticeable that some bones displayed evidence of heating or burning (Figure 
10.25), though with only one exception this was on distal end fragments. Four bones were 
blackened, three were grey, and one was white and calcined; the only proximal fragment was 
grey. The areas of burning were relatively uniform, suggesting these were remnants that had 
been discarded onto the fire, rather than cooked when still partly-covered with flesh. 
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Figure 10.25: Humeri exhibiting different degrees of burning, ranging from those that seemed 
uncooked to others that ranged from blackened to calcined. 
 
10.6.2.6 Radius  
Most radii in the examined assemblage were whole (61%), and another 15% only lacked the 
distal epiphysis. Of the remainder, 18% were almost whole, with damage limited to the distal 
articular region, and only a single bone had midshaft damage (see Figure 10.26). However, a 
significant number (27%) were fractured on the distal shaft and lacked the distal end of the bone 
(see Figure 10.27). Very few bones exhibited proximal or midshaft fractures, and only three 
lacked both proximal and distal articular sections. 
 It is likely that this patterning represents the importation of whole rabbits onto the site, 
while some later intrusion and natural mortality may also contribute to this picture. Conversely, 
the lack of distal radii is similar to those elements recovered from the hares at Whitehall Farm 
site (Northamptonshire, England) and the rabbits acquired for the cooking experiments, and is 
probably due to paw removal elsewhere prior to transportation, such as at the kill site or primary 
butchery location, because of their being low meat utility elements. Alternatively, they may 
have or may have been broken during skinning and removed with the pelts. These may have 
been discarded, but ethnographic evidence suggests rabbit fur was a valuable resource (for 
example Heizer and Kroeber 1979) given the softness of the fur, and so used for clothing or 
bedding, and maybe traded or exchanged. 
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Figure 10.26: The only example of midshaft damage, on a radius with small patches of staining. 
 
        
                 
Figure 10.27: Most fractures to the radius were in the distal part of the bone, and in keeping with 
paw removal, though there were a few exceptions. Where fractures occurred more proximally it 
was likely connected with jointing for cooking or consumption. 
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Hindlimb: 
10.6.2.7 Femur 
(Figure 10.28) 
        
 
Gross changes: 
Initial macroscopic examination had indicated that while some bones were intact, a large 
number had been fractured. The femora exhibited a wide range of fracture patterns (Figure 
10.29), with a greater range of breakage diversity than other elements. While the bones 
variously exhibited proximal or distal damage, the most predominant type of fracture occurred 
within the midshaft part of the bone. 
 
Figure 10.28: Anatomy of the 
rabbit femur (Crabb 1931, 
Fig.15). 
 
GT = Greater trochanter 
H = Femoral head 
N = Neck of femur 
LT = Lesser trochanter 
TT = Third trochanter 
TF = Trochanteric fossa 
S = Shaft 
PG = Popliteal groove 
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Figure 10.29: Examples of the types of fractures and bone modification seen in rabbit femora 
from the site, these include normal variants such as absent unfused epiphyses. 
 
 While bones can become broken following discard or if modified for use as a tool, the 
most likely cause of deliberate bone fracture of femora was to access marrow. This could occur 
when raw or cooked, although it has been suggested on European sites like Picareiro Cave 
(Portugal) that marrow was removed when the bone was cooked (Bicho et al. 2006). The faunal 
assemblage from Wallace Ruin almost completely lacked long-bone cylinders, such as seen at 
Picareiro Cave (Hockett and Bicho 2000), though there were a small number of proximal and 
distal bone ends present, so there may originally have been bone cylinders that were discarded 
elsewhere. 
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10.6.2.8 Tibia  
(Figure 10.30) 
As with the radius and ulna, a number of tibiae were fractured distally, suggesting paw removal. 
               
 
10.6.2.9 Calcaneum 
Most were intact; those damaged usually had a diagonal chop across the distal end, most 
predominantly in an antero-posterior direction, directed supero-inferiorly (Figure 10.31). This 
was interpreted as damage inflicted when the paws were detached from the hindlimb at the 
hock. 
 
   
Figure 10.31: Modification to calcanea at the distal end. Most were whole. 
 
10.6.2.10 Metapodials  
Plenty were recovered, suggesting the animals were transported intact to the site, and maybe 
even cooked whole. 
 
 
Figure 10.30: Rabbit tibia 
(left), tarsals and 
metatarsals (Crabb 1931, 
Figs.16 & 17). 
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10.6.3 Comparing Wallace Ruin bones with the experiment results 
While all the bones were examined from the smaller assemblages mentioned above, for the 
larger ones only a sample of the bones was examined. This was because the aim was to 
determine whether the type of modification produced on the bones from the experiment results 
could actually have occurred, and be identified, on the archaeological bones. 
 
10.6.3.1 Projectiles 
The scapulae from 100 rabbits were examined for evidence of fractures comparable to those 
from the projectile experiments. The results showed that the majority were unlikely to have 
sustained fracture damage from projectiles, while slightly fewer scapulae were considered likely 
to exhibit evidence for projectile damage (Table 10.13). 
 
Table 10.13: Bones exhibiting fractures or modification from projectiles at Wallace Ruin 
 Element 
Evidence of projectile damage 
Total 
Unlikely Possible Probable 
Number 
Scapula 
39 29 32 100 
Relative 
frequency (%) 
39% 29% 32% 100% 
 
10.6.3.2 Hyperextension 
One hundred leporid humeri and ulnae from Wallace Ruin were examined for evidence of 
elbow joint hyperextension using a low-power binocular microscope. For the humerus, any 
damage on the anterior, posterior, medial and lateral aspects was recorded, and in each case the 
bones were noted as normal, abnormal or indeterminate, according to the perceived bone 
damage (Table 10.14). 
 Of the bones examined, where the distal humerus showed damage to it was generally on 
the lateral and medial epicondyles, away from the joint articulation, rather than centrally. Three 
bones exhibited damage around the trochlear and joint articulation, though the position varied. 
Two of these were affected on the anterior surface, which would not have been damaged by 
hyperextension unless there was exaggerated twisting of the uncooked joint to disarticulate it 
and possibly cause such effects, so this damage may be attributable to other taphonomic 
processes. Only a single bone had damage on the posterior aspect (Figure 10.32), where a scar 
could have been produced by the ulna pushing into the humerus, or from twisting disruption the 
connective tissues. 
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Table 10.14: Evidence for hyperextension in rabbit humeri from Wallace Ruin 
Humerus Normal Indet. 
Anomalous 
Total 
Posterior Anterior Medial Lateral 
Number 34 4 9 11 9 6 58 
Relative 
frequency (%) 
58.6% 6.9% 34.4% 100% 
 
                     
 
Anterior 
Anterior 
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Figure 10.32: Distal cottontail rabbit humeri from Wallace Ruin. The top humerus is normal, 
while the damaged articulations (below) are circled. Only the lesion of the posterior humerus 
could be related to hyperextension (Note: The humeral aperture (hole in distal humerus) is 
normal for Oryctolagus and Sylvilagus). 
 
 For the ulna, evidence of damage to the anconeal and coronoid processes, and the 
medial and lateral aspects of the articulation were recorded, using the same descriptors as for the 
humerus (Table 10.15). This showed that the majority of the ulnae had sustained some damage, 
while a slightly smaller percentage appeared to be unaltered. 
 
Table 10.15: Evidence for hyperextension in rabbit ulna from Wallace Ruin 
Ulna Normal Indet. 
Anomalous 
Total 
Anconeus Coronoid Medial Lateral 
Number 42 11 47 20 7 11 100 
Relative 
frequency (%) 
42% 11% 47% 100% 
 
10.6.3.3 Pot-polish 
The experiments into pot-polish included scanning electron microscopy of a distal medial 
condyle from a whole fused femur (see Section 9.1), which came from cottontail rabbit 
(Sylvilagus sp.) bones in an assemblage recovered from the prehistoric site of Wallace Ruin 
(Colorado, USA). This demonstrated minor surface changes thought to derive from abrasion 
against pot wall during boiling, and representing minor pot-polish (Figure 10.33). 
 
Posterior 
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Figure 10.33: S.E.M. images of the medial femoral condyle of a cottontail rabbit (Sylvilagus sp.) 
femur recovered from Wallace Ruin (Colorado). While the angled surface (dashed line) is 
regularly defined, making it more likely to be a normal feature of the bone, the edges adjacent to 
it appear to be smoothed (arrowed). 
 
 A small sample of 100 long-bones (comprising humeri, tibiae and femora) was 
examined from the site to determine whether pot-polish was evident on any of them, and the 
extent of such modification (Table 10.16). Given the cost and impracticality of examining them 
all using SEM, they were examined with a lower-magnification microscope. The criteria for 
identifying the presence of pot-polish were whether rounding or bevelling was present, and the 
integrity of bone surface striations, especially adjacent to the bone margins. 
 
Table 10.16: Evidence for pot polish on bones from Wallace Ruin: 
 Element Whole Fractured 
Pot polish 
Total 
Unlikely Possible Probable 
Number 
Long 
bones 
8 92 
56 27 17 100 
Relative 
frequency (%) 
56% 27% 17% 100% 
 
 Of the bones examined, the majority (56%) displayed no suggestion of pot-polish, while 
a small number (17) displayed characteristics consistent with this type of modification. Over a 
quarter of the sample appeared to have minor changes that were not pronounced enough to be 
considered due to pot abrasion from cooking. 
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10.7 Archaeological assemblage: Stix and Leaves (Colorado, USA). 
The Anasazi ancestral Pueblo site of Stix and Leaves (5MT11555) situated near Cortez 
(Colorado, U.S.A) (Figures 10.34 and 10.35) was excavated between 1998 and 2001 under the 
direction of Bruce Bradley.  
 
Figure 10.34: Aerial view of Stix and Leaves Pueblo site (Bradley 2010b, Fig.1.6). 
 
 
Figure 10.35: Plan of the Stix and Leaves Pueblo site during Pueblo II (constructed A.D.947-
974). Kiva H may have originated in Late Pueblo I (Bradley 2010b, Fig.2.22). 
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 The site, which was occupied in the Pueblo I and II periods produced a quantity of 
bones from large and small species (Bradley 2010b), with the leporid bones deriving from two 
main types of structure within the site, namely pithouses and kiva. To improve recovery, sieving 
was carried out using ¼" mesh screens, and the bones washed and bagged by context. 
Examination of the faunal remains revealed the bones were from large and smaller mammals, 
and birds, but there was a particular abundance of leporid bones present (Bradley 2010b, 328). 
Initial species identification was undertaken by archaeology students at Exeter University, and 
confirmed by Professor Alan Outram. Further analysis identified that lagomorphs comprised 
27% of the total assemblage (12580 bones from a total of 45854 bones). Most were cottontail 
rabbit (Sylvilagus spp.), with jackrabbit (Lepus spp.) also abundant, suggesting their regular 
utilisation for diet or raw materials, while other small mammal bones present included dog (554 
bones), squirrel (227), gopher and rodent (Table 10.17). 
 
Table 10.17: Small animal bones from Stix and Leaves Pueblo (Bradley 2010b, Table 5.1, 
citing the work of Heuman).  
Zoological Description   Total 
Lagomorpha Rabbits and hares 1898 
Sylvilagus species Cottontail 6127 
Lepus species Jackrabbit 4555 
 Total   12580 
   
Other small mammals  
Rodentia Rodents 134 
Sciuridae Squirrel family 227 
Marmota species Woodchuck/marmot 1 
Cynomys species Prairie dog 5 
Sciurus aberti Abert's squirrel 1 
Geomyidae Pocket gopher family 135 
Thomomys species Pocket gophers 1 
Muridae Mice and voles 89 
Neotoma species Packrat 49 
Erethizon dorsatum Porcupine 14 
Castor canadensis Beaver 3 
 Total   659 
   
Carnivora Carnivores 2 
Canis species Dog/wolf/coyote 554 
Canis familiaris Dog 1 
Procyon lotor Raccoon 1 
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Martes americana Marten 1 
Mustela species Weasel 7 
Mustela erminea Ermine 1 
Gulo luscus Wolverine 1 
Taxidea taxus Badger 5 
   
 
10.7.1 Comparing the assemblage bones with the experiment results 
As with Wallace Ruin, only a sample of the bones was examined, and these were randomly 
chosen to avoid bias. Again this was because the aim was to determine whether the modification 
produced on the experiment bones could actually have occurred, and present on the 
archaeological bones. 
 
10.7.1.1 Projectiles 
The Puebloans from the Stix and Leaves site would often have acquired rabbits (cottontails and 
jackrabbits) by a communal rabbit hunt, where the animals were rounded up and driven into a 
net. Once contained, the animals would have been killed; whether by having their neck broken, 
throat cut, or using fired or thrust projectiles. The scapulae examined from that site included a 
number that exhibited fractures with curving edges similar to the experiment bones (Figure 
10.36), though none had a complete oval hole through the bone, which may have been due to 
the impact site, subsequent processing or cooking, or later post-depositional action that removed 
any partially attached fragments. Conversely, the fractures on other scapulae were more 
comparable to those from the control assemblages, making it probable that the rabbits were 
killed using a variety of different methods. 
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 A sample of 100 leporid scapulae was examined from Stix and Leaves to see whether 
any exhibited comparable fracture patterns to those from the experiments (Table 10.18). The 
results showed that about a third could have been subjected to this or comparable, trauma. 
 
  
Figure 10.36: Cottontail rabbit 
(Sylvilagus) (left) and jackrabbit 
(Lepus) scapulae (below) from 
the archaeological site of Stix 
and Leaves Pueblo (Colorado). 
Some clearly exhibit the oval 
fractures seen on the 
experimental bones (arrowed), 
suggesting they were hunted or 
killed with projectiles. 
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Table 10.18: Leporid bones exhibiting fractures or modification from projectiles at Stix 
and Leaves: 
 Element 
Evidence of projectile damage 
Total 
Unlikely Possible Probable 
Number 
Scapula 
40 31 29 100 
Relative 
frequency (%) 
40% 31% 29% 100% 
 
10.7.1.2 Hyperextension 
As with Wallace Ruin, a small number of humerus and ulna were sampled to see whether 
changes from such processing could be identified (Tables 10.19 and 10.20). The bones 
examined came from Pithouse 2 on the site, and constituted the entire humerus and ulna 
elements from the feature. It is noticeable that he two elements exhibited comparable levels of 
potential hyperextension damage. 
 
Table 10.19: Evidence for hyperextension in the leporid humeri from Stix and Leaves 
(Pithouse 2): 
Humerus Normal Indet. 
Anomalous 
Total 
Posterior Anterior Medial Lateral 
Number 17 2 10 22 5 3 49 
Relative 
frequency (%) 
34.6% 4% 61.2% 100% 
 
Table 10.20: Evidence for hyperextension in the leporid ulnae from Stix and Leaves 
(Pithouse 2): 
Ulna Normal Indet. 
Anomalous 
Total 
Anconeus Coronoid Medial Lateral 
Number 13 1 20 0 11 7 38 
Relative 
frequency (%) 
34.2% 2.6% 63.1% 100% 
 
10.7.1.3 Pot-polish 
The fractured tip of a tibial diaphysis from an unfused cottontail rabbit (Sylvilagus sp.) tibia was 
among the samples selected for S.E.M. due to the slightly bone polished edges (see Chapter 9, 
section 9.1.5.2). The subsequent images (Figure 10.37) showed that there was a small amount of 
surface abrasion near the bone margins, though not enough to completely eradicate the bone’s 
striations. So while the changes were not as pronounced as other examples produced in the 
experiment, it could be considered as minor pot-polish. 
10: Analysis of case study archaeological assemblages  
P a g e | 671 
 
 
   
Figure 10.37: The appearance differs from those of the significantly pot-polished bones as there 
is some remnant of the linear striations of the bone surface extending to the margin 
 
 A small number (n = 100) of bones were examined from the site, to determine whether 
any changes resembling pot-polish were evident, using the same criteria as for Wallace Ruin 
(see section 10.6.3.3). The results showed a greater proportion of bones with changes 
attributable to pot-polish, when compared with the other site, with fewer that were considered 
unlikely to exhibit such changes (Table 10.21). 
 
Table 10.21: Evidence for pot polish on bones from Stix and Leaves: 
 Element Whole Fractured 
Pot polish 
Total 
Unlikely Possible Probable 
Number 
Long 
bones 
7 93 
45 28 27 100 
Relative 
frequency (%) 
45% 28% 27% 100% 
 
Slight surface abrasion, 
most likely produced by 
abrasion of the bone 
against the wall of the 
pot; these are more 
marked in the left 
image. 
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10.8 Archaeological assemblage: Whitehall Farm Roman Villa 
(Northamptonshire, UK) 
A large quantity of well-preserved animal bones (24,308 fragments) was recovered during 
excavation of Whitehall Farm, a Roman villa site (Northamptonshire) (Figure 10.38).  
 
 
Figure 10.38: Aerial view of Whitehall Farm Roman Villa site. The deposit with most hare bones 
came from bath house 1 (Whitehall Roman Villa and Landscape Project 2005). 
 
 Students from Southampton University assessing this assemblage noted an unusually 
high number of young animal (lamb and neonate pig) and smaller mammal bones from one 
particular context (Context 144), which lay within a bathhouse on the site. Subsequent 
examination and identification of all faunal remains by Dr Naomi Sykes and students from the 
University of Nottingham confirmed the unusual nature of this context, whose deposits had all 
been sieved. Given the species recovered, age composition, and bone modification present 
(butchery marks and burning), their initial interpretation from the preliminary results was that 
the deposit represents table waste or even a single feasting event (Sykes Unpublished 
preliminary results, pers.comm.). 
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 The usual range of large mammal species remains were recovered, along with a number 
of smaller mammal bones, which were identified as hare (Figure 10.39). A total of 93 hare 
bones were originally recovered from Context 144 of the bath-house, representing a minimum 
of eight individual animals, while at least 20 bones were found in other contexts. This number 
of hare bones represents an unusually high number from this species, as most Roman sites 
rarely exceed one to two per site (Sykes Unpublished preliminary results, pers.comm.).  
 
 
Figure 10.39: Spatial variation in the representation of the main species at Whitehall Roman 
Villa (Sykes Unpublished preliminary results, pers.comm.). 
 
10.8.1 Method 
This concentration of hare bones provided an excellent opportunity to examine the skeletal part 
abundances, fracture patterns, and damage on bones from an established consumption event and 
the result of known human activity. The aim was to identify any distinguishing patterns and 
compare these with hare or rabbit bones from other prehistoric sites and my experiment results. 
The elements present were first quantified, and the bones then examined for the type and 
location of fractures present on them. Fracture shapes were defined as helical, oblique, 
transverse, longitudinal or stepped (after Outram 2002) to indicate whether these occurred when 
the bone was probably fresh or dry, while the fracture zone on the bones were defined as 
proximal, proximal-shaft, shaft, distal-shaft and distal; with the data recorded. These results will 
now be considered separately.  
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10.8.2 Results 
Examination of the hare component of the Whitehall Farm assemblage showed it comprised 
mainly larger limb bones and vertebrae (Figure 10.40; Table 10.22), with only a single 
metatarsal present and few skull bone fragments (only two small pieces were recovered). The 
number of bones examined was dictated by those that were available. 
 
Figure 10.40: Schematic diagram showing the hare bones recovered from Context 144 at 
Whitehall Farm Roman Villa (skeleton outline from Fontana 2003). 
 
Table 10.22: European hare bones (Lepus europaeus) examined from at Whitehall Farm: 
 Bathhouse Context 144 Other contexts 
Element Number Number 
Skull 2  
Mandible 2 - 
Scapula 4 - 
Humerus 1 7 
Radius 6 1 
Ulna 4 4 
Pelvis 5 1 
Sacrum 3 - 
Femur 8 - 
Tibia 3 - 
10: Analysis of case study archaeological assemblages  
P a g e | 675 
Metatarsal 1  
Phalanges 1 2 
Atlas 1 - 
Axis 1 - 
Vertebra 22 1 
Rib 1 - 
Total 63 16 
Overall Total 79 
 
10.8.2.1 Skull and mandible 
Only two small skull fragments were recovered, one of which comprised the maxilla with four 
teeth. Similarly, only two mandible fragments were recovered, and both were fractured across 
the horizontal ramus so each consisted of the incisor teeth and four molars. 
 
10.8.2.2 Fore limb 
Scapula:  
The fractures on the scapula (Figure 10.41) could result from abducting the two forelimbs away 
from the hare’s body, causing the posterior aspects of the scapulae to break off, or resulted from 
a vertical slice through the rib cage. 
 
            
 
Humerus: 
The single humerus from Context 144 was fractured through its mid-shaft. This appeared to be 
helical, suggesting it was done while fresh (Figure 10.42). 
 
Figure 10.41: Hare (Lepus 
europaeus) scapulae, 
broken midway through the 
blade and body of the bone. 
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Figure 10.42: Hare (Lepus europaeus) humerus, with a mid-shaft fracture. 
 
Radius: 
A single radius was identified in the assemblage, and this consisted of the proximal end of the 
bone (Figure 10.43). This fracturing was again attributed to paw removal. 
 
           
                                                               
Figure 10.43: Hare (Lepus europaeus) radius, again fractured towards the distal end. The spiral 
crack radiating from it suggests breakage when fresh. 
 
Ulna: 
Most of the ulnae present were fractured across their distal ends (Figure 10.44), which is 
consistent with paw removal. This was probably done manually given the lack of butchery 
marks and the irregular outline of the fracture ends. 
 
Helical crack 
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Figure 10.44: Hare (Lepus europaeus) ulnae, most of which are fractured towards the distal 
end, consistent with paw removal. 
 
10.8.2.3 Hind limb 
Tibia: 
An interesting feature about the tibiae is that those bones recovered ended in helical or oblique 
fractures, with none showing evidence of having deliberately been chopped through to remove 
the paws (Figure 10.45). Given the dearth of metapodials and phalanges in the assemblage it 
suggests that these may simply have been removed manually during preparation or at the point 
of capture/killing. 
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Figure 10.45: Hare (Lepus europaeus) tibiae, fractured at the distal end to leave a small point. 
 
Femur: 
Only one hare femur in the assemblage was whole, with most of the rest fractured distally, 
though two were fractured towards their proximal ends (Figure 10.46a,b). Examination of the 
fractured ends showed that most had helical or oblique breaks, leaving pointed ‘spikes’. The 
distal end of one femur was broken almost straight across, with the irregular nature of it 
suggesting possible slight gnawing by a small carnivore, perhaps following butchery. However, 
the porous texture of the bone implies it came from a young animal, and this factor would have 
some bearing on the nature of the breakage pattern incurred, due to the state of ossification and 
relative cartilage content. Young mammals and birds tend to sustain ‘greenstick’ fractures, 
which causes bending of the bones rather than the other fracture types seen in adult animals. 
 
            a) 
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Figure 10.46: a and b) Hare (Lepus europaeus) femora. Only one was intact and most of the 
remainder were fractured distally. 
 
 One femur had a particularly unusual fracture pattern, with two small, deep cuts across 
the transverse axis of the bone, and a longitudinal split joining the two, which extended to the 
fractured end of the bone that was helical in nature (Figure 10.47). This end seemed smooth, 
perhaps worn, and could potentially have been utilised as a tool, maybe for marrow extraction 
from larger mammal bones, such as sheep, whose bones had been identified as having breakage 
marks characteristic of marrow extraction (Sykes Unpublished preliminary results, pers.comm.). 
An alternative reason for the smooth end could be ‘pot polish’ (see chapter 9), caused by 
cooking the bones in a ceramic vessel, and with abrasion of the bones against the internal wall 
of the vessel producing smoothing of the fractured ends. 
 
                      
 
 
b) 
Spall 
10: Analysis of case study archaeological assemblages  
680 | P a g e  
 
  
Figure 10.47: Hare femur with unusual modification, combining chop marks with a smoothed 
helically fractured distal end, perhaps the result of being used as a tool. 
 
10.8.2.4 Spine 
The presence of cut-marks on various bones supported the feasting hypothesis, with removal of 
the transverse processes of several vertebrae (Figure 10.48) suggesting that the animal was 
jointed for cooking, rather than sought for its pelt, though it could also have been utilised. The 
sacrum may well have been discarded during jointing, as is often done today, while cut-marks 
on its ventral aspect (Figure 10.49) and that of another lumbar vertebra that do not extend to the 
lateral processes, suggests the hare was supine when jointed. 
 
 
Figure 10.48: Hare vertebrae recovered from Context 144, many with cut-marks. 
 
Later cut that truncates the 
underlying longitudinal 
fracture line 
Probable impact scar 
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Figure 10.49: Hare sacrum, with a clear chop mark on the distal ventral surface. 
 
10.8.3 Interpretation 
Few skull fragments, mandibles or metapodials were present, which implies that the heads and 
feet were not brought back to the site, or discarded elsewhere on it. There was much evidence of 
helical, fresh fracture on humerus shows that hare marrow was eaten as a delicacy or used to 
make soups or for stock. The main fracture sites were cross the distal tibiae, radii and ulnae, 
consistent with paw removal, with the scapulae and mandibles also broken partway across the 
bones (Figure 10.50). 
 The hare component of the Whitehall Farm assemblage comprised mainly larger limb 
long bone and vertebral elements, with only a single metatarsal present. The first category may 
be seen to represent the main meat-bearing bones of the animal, those long bones of the fore- 
and hindquarters that would be well-fleshed by muscle, while many vertebrae were from the 
lumbar region and supporting the quadratus lumborum the well-muscled loin area of the animal 
that provides a relatively large area (‘saddle’) of meat. There were, however, also some cervical 
and thoracic vertebrae within the assemblage, elements commonly viewed as being more likely 
to be discarded during butchery. Their presence may suggest some butchery as well as 
consumption in that area of the site, or could reflect a different method of cooking, such as 
stewing the whole animal or jointing into larger components. However, cannot attribute same 
butchery practices for small animals as large, due to the relative difference in size. 
 
Sacrum chopped ventrally  
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Figure 10.50: Site of breaks on hare bones from the feasting event: a) relate to paw removal, b) 
suggest marrow extraction, c) suggests damage during jointing, while d) mandibular breakage 
could arise from processing or post-discard effects. 
 
 The paucity of metapodials and absence of phalanges from such a carefully sieved 
context suggest the hare paws were probably discarded during primary butchery due to the lack 
of meat on them, either at the kill-site or during skinning in preparation for cooking. Such 
practice is commonplace today, and may have been typical for the Roman period, though 
regional or temporal variation is possible. The tibiae, radii and ulnae would have become broken 
if the paws were removed and discarded prior to consumption due to them being low-utility 
meat elements, but this would not explain the femur and humerus fracture patterns. These bones 
would have either been damaged when the hare was jointed for cooking or consumption, or 
when broken to extract the marrow within them; perhaps hare marrow was a Roman delicacy?  
 The lack of heads and mandibles also suggests these were removed prior to the hare 
carcases being introduced onto the site and may well have been left with the skin. The usual 
current practice in Britain encountered by the author is to discard the head, either at the kill-site 
or during jointing, though personal experience of eating rabbit in France revealed that the brain 
(and eyes and tongue to lesser extent) was considered a delicacy, with the whole head cooked 
and eaten with the rest of the animal; indeed, the animals are often sold live in markets today. 
Similarly, removing the head may reflect Roman cultural preferences when eating hare, with 
this being discarded elsewhere. Alternatively, it could reflect culinary variation. Historical texts 
indicate that hare and rabbit were eaten in the Roman period, especially by the upper echelons 
of society, and provide insights into how they were cooked. The culinary treatise by Apicius, for 
example, describes over a dozen recipes for hare, including ‘Stuffed hare’ (leporem farcum) 
c) 
b) 
b) 
a) 
a) 
d) 
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where the (presumably whole) animal is stuffed with a mixture of nuts, pepper, hare meat, and 
eggs, oven baked, and then served with a spiced wine or savoury sauce (Grocock and Grainger 
2006, 278-283). The same volume mentions that rabbit (‘cuniculis’) meat was used to make 
faggots (ibid. 2006, 150-151) and outlines a range of methods by which hare meat or offal could 
be cooked, including roasting, boiling, grilling, and smoking, recommending sauces and 
seasonings for each. Unfortunately, while the volume mentions that the hare should be prepared, 
boned, dressed, and trussed for certain dishes, further description of butchery methods is limited 
to suggesting it is “…cut into neat portions…” (“...ornas quadratum…”) before stuffing them 
(Grocock and Grainger 2006, 282-283). 
 
10.8.4 Comparing the assemblage bones with the experiment results 
Unfortunately the Whitehall Farm assemblage was examined prior to the experiments or results, 
so identification of any bone modification features are based upon notes and photographs taken 
at the time. 
 
10.8.4.1 Projectiles 
Only four scapulae were present, which were the main element on which projectile damage was 
identified. Those present exhibit mainly angular breaks, unlike the oval/circular fractures seen 
on the experiment rabbits. 
 
10.8.4.2 Hyperextension 
It is difficult to clearly see the relevant parts of the ulnae and humerus from photographs. 
However, the anconeus and coracoid on a couple of the ulnae appear to have some loss of 
angularity, which could be consistent with joint hyperextension, and the humerus has some 
damage to the posterior aspect of the trochlear. As such, it suggests probable hyperextension. 
 
10.8.4.3 Pot-polish 
Several of the long bones appear to have bevelling and rounding on the fractured ends, 
consistent with pot-polish, but these would need closer inspection to confirm. 
 
10.8.5 Comparison between the control and archaeological assemblages 
A number of leporid bones from Herm, Cortez, Wallace Ruin and Stix and Leaves were 
examined for changes comparable to the experiment results from the different activities. While 
the aim was to examine 100 bones in each case, in some instances there were too few of a 
particular element present. The resultant findings are displayed below graphically (Figures 
10.51 to 10.54), and record the relative frequency of changes that occurred on certain bones. 
This clearly demonstrates some similarities between the sites for some bone types of 
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modification, while slight differences appear present in others; most notably those with smaller 
sample sizes, though the general trend is comparable. 
 
10.8.5.1 Pot-polish 
 
Figure 10.51: Graph showing the relative frequency of modification interpreted as pot-polish on 
leporid bones from Herm and Cortez (control assemblages), Stix and Leaves (pithouse), and 
Wallace Ruin (kiva) (Colorado, USA). 
 
10.8.5.2 Hyperextension: Humerus and ulna 
Humerus: 
 
Figure 10.52: Graph showing the relative frequency of damage to the distal humeri of leporids 
from Stix and Leaves pithouse (n = 49), and Wallace Ruin kiva (n = 58). 
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Ulna: 
 
Figure 10.53: Graph showing the relative frequency of damage to the proximal ulnae of leporids 
from Stix and Leaves pithouse (n = 38), and Wallace Ruin kiva (n = 100). 
 
10.8.5.3 Projectiles 
 
Figure 10.54: Graph showing the relative frequency of damage to the scapulae of leporids from 
Herm and Cortez (control assemblages), Stix and Leaves (pithouse), and Wallace Ruin (kiva), 
which may be attributed to projectile damage.  
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10.9 Discussion 
Examining the archaeological assemblages for bone modification comparable to that produced 
by experimentation showed that in many instances it could be identified. While many of the 
samples examined from archaeological assemblages appear small (and it is acknowledged that 
larger samples may have been preferable), the intention was to see whether the changes 
produced in the experiment bones could be identified on archaeological bones. Future work 
could include examining larger samples, and if obtained from several different archaeological 
sites could help identify cultural variation in practices. 
 
10.10 Conclusion 
The research strategy adopted was to examine archaeological assemblages from sites with 
known human activity regarding small mammal utilisation, to indicate which bones were most 
modified and in what way. Actualistic experiments were then carried out to try to determine 
what actions could have caused such bone modification, and the end results compared back with 
the archaeological material. The results show that such modification may be identified within 
the archaeological record, and identify some new areas on different bone elements to examine 
for evidence of human utilisation, adding to existing research. 
 
 The previous chapters have outlined the research rationale and methodology, the 
evidence for the archaeological and ethnographic utilisation of arrange of small mammals and 
the uses to which they were put, while the last section discussed the primary research 
undertaken for this thesis and compares bones from archaeological assemblages in the light of 
these findings. The final section, Section IV, looks at the broader picture by discussing the 
results and findings, and draws a conclusion to this thesis. The next chapter therefore starts this 
section with a discussion of the thesis and results. 
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CHAPTER 11      
 
 
DISCUSSION 
 
My initial research hypothesis was that small mammals were utilised in prehistoric (and even 
historic) times for dietary and non-dietary resources more than is generally acknowledged. My 
findings support this theory, as shown by the amount of archaeological evidence that is present 
following careful scrutiny of the published literature from various countries, which provides 
evidence demonstrating that small mammals were utilised, and also implied from ethnographic 
analogy. This is examined in hunter-gatherer tribes from other areas of the world as there are no 
extant modern hunter-gatherers in Europe, and also yielded useful, though sometimes 
unexpected, results, as will now be discussed below.  
 
11.1 Discussion 
Examining ethnography from other regions of the world indicates that prey acquisition was of 
paramount importance, regardless of its size, and generally shows a readily utilisation of local 
small species. It shows that a diverse range of animals were (and are) eaten, though there is 
cultural variation in diets and what is considered taboo, with the result that many groups eat 
species we would consider unpalatable, such as rats. It is harder to ascertain temporal variation 
in such utilisation for a region, and while some areas may have retained the practice of eating 
certain small species over a long period of time, in other areas there may have been more recent 
changes, perhaps dictated by socio-cultural changes in practice. 
 One very significant observation deriving from research into ethnographic practices is 
that women clearly often fulfilled an important role in hunting and prey acquisition, particularly 
with small game. This flies in the face of the over-arching ‘traditional’ view that men were 
invariably the hunters, while women gathered plants. But in reality, ethnography shows that 
while men usually are recorded as hunting large mammals it was women who often trapped and 
hunted small mammals, while men sometimes gathered plants. Moreover, besides women, there 
is evidence for children, juveniles, and even older members of the group or tribe hunting small 
mammals, with this activity carried out singly or communally. Within archaeology, women and 
children are often ‘unseen’, so this finding must revise our accepted thinking and necessitate 
taking a broader view when considering who hunts, or hunted. By contemplating the role 
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potentially played by women (and other age demographics) within hunting and prey acquisition, 
our interpretation of prehistoric remains could be affected, and ultimately have the most impact 
on improving our understanding of their practices. 
 
 There are other aspects of small mammal exploitation that could benefit from further 
consideration or future research, such as the effect of any temporal variation in the demographic 
who hunted and any resultant change in dynamics within the group, as well as the social 
implications for sharing any acquired small game. In the first instance it is possible that there 
was variation between traditional and more recent practices, and it would be interesting to know 
whether women always had a role in prey acquisition and if so, whether this only extended to 
hunting small mammals, or if men were originally the only hunters and there was a change in 
practices over time. Such changes could have had a profound impact on prehistoric populations 
by affecting the social dynamics, with implications with regard to daily life and workload. It is 
also possible that there were temporal or regional differences, or variation in roles between 
different groups, as seen in ethnography. 
 The results of hunting small mammals also raise other questions, such as dividing the 
spoils of a successful hunt, and whose role it was to undertake this. Ethnography shows 
variation in these practices within different tribes or groups. Mueller Epstein (2012, 158) 
records that the rules of sharing varied with the species, the participants and whether they had 
specific roles, as well as ‘consideration of special circumstances’. For the Cattail-eater country 
Paiute (Nevada, USA), the rabbits caught in a man’s during jackrabbit drives belonged to him, 
but hunters killing the jackrabbits before they reached the net would keep their kills. Hunters 
also donated part of their family’s jackrabbit catch to widows or the infirm (Fowler 1992, 78, 
cited by Mueller Epstein 2012, 161), while neighbouring groups would sometimes donate meat 
to hunters who were unsuccessful, though would keep the skins (Fowler 1989, 28, cited in 
Mueller Epstein 2012, 161). There would probably have been similar cultural variation in 
prehistory, with the prey either shared among those who contributed to the hunt or divided 
amongst all group-members. It may have varied according to whether the prey was trapped or 
actively hunted, and shared evenly or disproportionally, with the hunter perhaps getting a 
greater proportion. There may even have been proscribed attitudes to hunting prey. For 
example, the Serrano would not eat game caught by someone who was considered ‘under age’ 
(Ramon and Elliot 2000, 483-485). 
 With regard to the archaeological findings, examining research papers shows that there 
is regional variation in the extent to which scholars have investigated the prehistoric 
exploitation of small mammals. In particular, much study has been implemented in Continental 
Europe, especially France and Iberia, where it has often related to the presence and utilisation of 
rabbits from the Palaeolithic onwards, though other species have been considered, including 
marmots, and badger (Mallye 2007), and this has undoubtedly been made achievable by 
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preservation of remains within cave deposits. Main research topics previously investigated 
include cultural practices, assessing the small mammal contribution to prehistoric economy and, 
out of necessity, addressing the inherent problems of distinguishing their use by humans from 
that of other predators like carnivores and raptors. Similarly, in North America researchers 
investigating ethnohistoric sources and archaeology have explored the utilisation of small 
species by various inhabitants, especially the indigenous population, though again much is due 
to good preservation of faunal remains in certain areas and contexts, mainly due to arid 
conditions. As with Europe much is related to the presence and utilisation of leporids, but other 
species and genera, such as rodents and carnivores, are also recorded as having been utilised. 
Anthropological and ethnohistoric sources detail their use by indigenous peoples, and this is 
augmented by more recent accounts of fur-trading by European settlers, making such use more 
readily accepted and acknowledged. 
 In some respect Britain appears to lag behind its neighbours, with a large potential for 
underestimating the presence and role of small mammals in prehistory in some work, though 
certain research has addressed the subject (see for example Charles 1997; Coles 2006; Fairnell 
2003), and the late Roger Jacobi was re-examining remains from Palaeolithic cave deposits 
(Charles and Jacobi 1994). This general lack of small mammal research may be partly due to the 
absence of ‘edible species’ like rabbit or marmot in Britain during prehistory (though hare was 
present), but also because of preservation issues, as there are fewer caves and variable bone 
survival in open-air sites. Some slight cultural bias against eating small, furry animals may also 
play a part, especially in a society where animals like rabbits are kept as domestic pets; while a 
preference for studying large species, from whose bones human utilisation and modification is 
often (though not always) more readily identified may also be a contributory factor. But 
examining the evidence from ethnography shows that many extant hunter-gatherers consider 
small animals to be a useful source of food or raw materials, and while ethnographic analogy 
should be used carefully it demonstrates that European prehistoric hunter-gatherers could 
potentially have adopted similar practices and cultural attitudes. 
 
One inherent problem with small species is that there is less likelihood of their carcase 
being subdivided, such as by jointing, and they have a smaller bone surface on which to exhibit 
evidence of human modification. Their size also means that, even if eaten by humans and the 
remains discarded, there is a greater likelihood of these being totally consumed by non-human 
predators like carnivores. When a canid gnaws on a bone from a large animal there is still a 
chance than some will be left, but a canid gnawing on small mammal remains is likely to 
consume them completely, further removing potential archaeological evidence (see Payne and 
Munson 1985). Yet even when their bones survive into the archaeological record, another 
problem is the issue of recovery. The size of small mammal bones means it is easy to miss them 
during excavation, even with careful hand-trowelling. So in order to gain the most 
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archaeological benefit from small mammal bones it is necessary to sieve excavation spoil, 
which while time-consuming and costly is the only way to improve understanding of their 
cultural utilisation and role.  
 Once recovered, the next problem is accurately identifying those resulting from human 
use, and my research mainly concentrated on this latter aspect, investigating alternative ways of 
identifying human modification of small mammals from subtle changes on their bones. Using 
experimentation it has demonstrated that, as with large mammal bones, small mammal bones 
are susceptible to fracturing and fragmentation in the course of processing for cooking and 
consumption by humans, as despite their smaller size they can, and no doubt did, contribute to 
the economy of hunter-gatherers; with such utilisation dictated by cultural conventions.  
 Summarising small mammal taphonomy and the experiments undertaken here have 
contributed towards helping to recognise where human utilisation of small mammals has 
occurred from the residual bone modification, both from the positive results and negative 
findings. As can be seen, while some forms of bone modification clearly indicate human 
utilisation of small mammals, others are less clear-cut, such as those that rely on subtle fracture 
patterns. Although some of these are highly likely to result from human activity, there often 
remains the possibility that they may have been caused by other biological or natural factors. 
Aside from the obvious changes from cut-marks and burning, any bone modification in small 
species arising from anthropogenic activity is likely to be subtle, but knowing which parts of the 
skeleton are most likely to exhibit such evidence is important, and acting as useful indicators for 
zooarchaeologists. While some of my approaches remain inconclusive without further research, 
and some results ‘negative’, inasmuch as there was no or negligible change on many bones, I 
consider this work a positive step towards disproving some assumptions about changes that 
could appear on leporid bones from human utilisation. It proves that despite the range of 
potential processes to which bones were subjected, these do not necessarily manifest themselves 
as discernible external signs or modifications, and even without visible evidence one cannot 
assume that the remains were not treated in this way, though biochemical methods may 
potentially be useful in proving otherwise. Furthermore, recording neutral or negative results 
can be as useful as recording positive results, as it may save experiments being repeated 
unnecessarily or provide an informed starting point for others.   
 My archery projectile experiment into rabbit hunting, which has not been attempted 
before on small mammals, shows that certain patterns, such as oval fractures in scapulae, may 
be attributed to hunting these animals with projectiles. Despite their size it is possible for an 
arrow to leave the bone whole, but with a puncture in it. Likewise, projectiles can truncate 
single or adjacent vertebrae, damaging the laminae, vertebral body or processes, but leaving the 
remainder intact. The presence of bevelling, particularly at the tips of broken bone shafts, has 
been shown to potentially relate to pot-polish and cooking in a ceramic vessel. Such subtlety of 
change does not occur with non-human predator modification of bones.  
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11.2 Summary of anthropogenic modification on small mammal bones 
It is clear that human exploitation of small mammals can leave a range of osteological evidence. 
A proposed detailed analysis of small mammals’ bones might comprise examining them for 
obvious changes due to burning and/or butchery evidence, such as cut-marks from skinning and 
filleting, as well as for fracture patterns and fracture type (freshness index). While all bones 
should be examined for these factors, particular areas are recommended for examination; the 
table below summarises more specific possible sites of evidence: 
 
Table 11.1: Evidence for anthropogenic modification on small mammal bones 
Element 
Fine 
marks 
Cut-
marks 
Peeling / 
Avulsion 
Fracture 
Bone 
polish 
Other Associated with 
 
Skull: 
   
Cranium 
x      Skinning 
   x   Brain removal 
Muzzle x      Skinning 
Zygomatic  
arch 
 x     Cheek removal 
  x x   Tongue removal 
Occiput    x   Decapitation 
 
Mandible: 
   
Horizontal 
ramus 
 x     Cheek removal 
   x   Tongue removal 
Ascending 
ramus 
 x     Cheek removal 
   x   Tongue removal 
Coronoid 
process 
 x x x   Tongue removal 
Condyle 
(TMJ)
32
 
 x  x   Tongue removal 
Masseteric 
fossa 
 x     Tongue removal 
 
Vertebrae: 
Cervical 
  x x   Hunting 
   x   
Breaking neck to  
kill animal 
 x     Butchery 
                                                     
32
 Temporo-mandibular joint, where the mandible articulates with the skull 
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Thoracic 
  x x   Hunting 
 x     Butchery 
Lumbar 
  x x   Hunting 
 x     Butchery 
 
Ribs: 
Ribs 
  x x   Hunting 
   x   Butchery 
 
Long bones: 
Any / All long 
bone 
 x     Butchery 
  x    Disarticulation 
Any / All 
fractured long 
bone 
    
Mainly 
localised 
to tip 
 Cooking in vessel 
    Tip  Cooking or tool use 
    
Tip and 
along 
length 
 Use as tool 
Femur 
(neck/head) 
 x  x   Jointing 
Femur, 
Humerus, 
Tibia shaft 
cylinders 
   x   
Marrow extraction  
– Bone fractured 
   
x 
 
 
Tooth 
marks 
Marrow extraction 
 – Biting of bone 
Femur – Short 
cylinders 
     Cutting Bead production 
Distal tibia, 
radius, ulna 
   x   Paw removal 
Distal tibia 
 (one side) 
   x   
Transportation by 
threading one leg 
through the other 
Metapodials x      Skinning 
Phalanges x      Skinning 
 
Other: 
Scapula    
x 
Oval/rou
nd 
fracture 
  
Hunting with 
projectiles 
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Any bones      Ground 
Eating or baking  
in bread 
Any bones      
Colour 
change 
Cooking, as fuel,  
or discard into fire 
Any bones    x  Coprolite Eating 
 
While this table identifies specific areas for indication of human use, many changes are 
subtle, making them inconclusive in isolation. As such, accurately identifying human utilisation 
of small mammals may come down to working on the balance of probability using several 
combined factors such as the recovery context with the osteological findings, with this latter 
even combining a number of bone modification indicators. 
 Examining the results have led to recommendations in analysing such remains, and 
show that certain methodologies should be adopted to improve our understanding of small 
mammal use, both in prehistory and later periods. The small size of most of the species requires 
that recovery of archaeological samples is enhanced by sieving (wet or dry), to ensure that an 
adequately representative sample is recovered for analysis. While this is undoubtedly at odds 
with the cost and time constraints of many excavation projects, even bulk samples for future 
analysis could help. Once recovered, the small size of most bones from these mammals requires 
that after identification to element and species they be carefully examined for evidence of 
modification, whether natural or anthropogenic. This will necessitate looking closely at their 
bones and, given the size of these elements and surface modification, using a microscope to 
obtain this detail is strongly advised, and improve identification of surface modification and 
changes; even a relatively low-magnification of x4.5 to x50 greatly improves visualisation. 
Given their small bones, I consider that identifying human use will necessitate identifying and 
recognising subtle anthropogenically-induced surface changes on them in order to better clarify 
the true extent of their utilisation and economic contribution. 
 Aside from utilising small mammals for food or raw materials, archaeological and 
ethnohistoric evidence also indicate a more conceptual attitude towards small mammals within 
certain cultures and at in different periods, as shown by the presence of whole animals or animal 
parts in burials, as well as hunting rites and the associated beliefs and practices surrounding the 
activity. These not only dictate the treatment of faunal remains and their deposition, but 
influence where such discard might be recovered archaeologically, so prior knowledge of where 
isolated bones have occurred in other deposits can help identify ritually deposited small 
mammal remains in other excavations. 
 
11.3 Conclusion 
My opinion that small mammals were utilised in prehistory more than is generally 
acknowledged has proved correct, though was undoubtedly partly informed by a general lack of 
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synthesised subject-specific literature. There are, for example, few archaeology books with 
chapters addressing small mammal use, and (apart from species-specific books on dogs and 
beavers) there is only one archaeology book devoted entirely to the multi-species subject of 
small mammal exploitation in prehistory, and that is bilingual. What is lacking is a general 
zooarchaeology book on the subject, with detailed anatomical information on species 
identification (along with any ‘normal anomalies’; one of my main research problems was 
identifying what constituted ‘normal’ variants within bone morphology), as well as accounts of 
small mammal use, and how anthropogenic exploitation might be identified from osteological 
and cultural remains. 
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CHAPTER 12      
 
 
CONCLUSION 
 
This research set out to examine the exploitation of small, non-ungulate mammals in Western 
Europe, given that this is a little-examined area of zooarchaeology, with the focus on early 
prehistory. The intention was to better determine the nature and extent of their usage, and so 
gain a greater holistic understanding of prehistoric economy and culture. My initial view that 
small mammals would have been more widely utilised in early prehistory than is generally 
thought was undoubtedly influenced by the lack of synthesised subject-specific literature, and 
my research findings have confirmed this opinion. While it is clear from detailed examination of 
published material that other parts of the world are more advanced in this subject area than we 
are in Britain, in particular France, Spain, Portugal and North America due to the utilisation of 
leporids, the whole study of smaller species still lags behind research into larger species.  
 
 The main aims of this research were to advance our understanding of small mammal 
utilisation, and improve recognition of characteristic bone signatures associated with 
anthropogenic activities in order to better differentiate bones arising from human, natural and 
other biological agencies. The first of these aims was achieved by examining existing 
archaeological evidence, along with ethnographic and ethnohistoric sources, to determine how 
such species were viewed and utilised by other societies. Areas addressed included acquisition 
methods for small mammals, as well as their contribution towards diet, as raw materials for 
material culture, their ‘relationship’ with people in regard to ideology and symbolism, and 
whether they fulfilled other roles. The second research aim was achieved by an initial detailed 
examination of taphonomy to summarise the current state of our knowledge, and using 
actualistic experimentation to develop alternative, complementary methods for detecting 
cultural exploitation from residual osteological remains. Comparing the experiment results with 
bones from archaeological assemblages confirmed that such modifications did indeed occur, and 
so could be used in future to better establish whether small mammal remains in deposits were 
there due to human activity or other causes. 
 My investigation into taphonomic effects specifically focussed on its impact on smaller 
mammal remains or small-sized, less robust bone, and showed that while all bones are affected, 
those that are smaller are often more vulnerable. Due to their size, smaller elements are less 
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likely to be recovered during excavation, more likely to be consumed by scavengers or 
trampled, and suffer the effects of weathering sooner. While some of these processes leave 
surface changes on bone that are clearly recognisable as being specifically cultural or non-
cultural in origin, others are more ambiguous. This confirms the need for better techniques to 
differentiate between the traces left by animal and human agents, especially with regard to 
smaller species. It is clear that identifying surface modification on bone remains a subjective 
process, with equifinality-related issues remaining a problem for the foreseeable future. 
However, much research continues into this subject, particularly in Continental Europe, which 
is mainly driven by the necessity of differentiating between bone deposits in caves produced by 
human from those caused by other predators. 
 
 A key issue in this thesis was considering how and why small mammals were exploited 
in prehistory, with ethnographic and archaeological evidence examined to provide clues into 
potential utilisation practices, due to the lack of extant hunter-gatherers in Europe. This showed 
that a diverse range of methods and materials have been used to hunt or trap small mammals, 
some of which can generate osteological changes or characteristics that will help detect this 
activity on archaeological samples. However, while various hunting and trapping techniques 
and strategies were potentially available to prehistoric populations, most are ephemeral and 
likely to remain indeterminable by archaeologists. No doubt some prey acquisition techniques 
would have been common to all groups, while others may have adopted unique methods or 
more unusual strategies. For some peoples it was a solitary activity, with even individual 
specialization for hunting certain species, while others would employ group hunting. 
 Of particular note was that within some ethnographic societies, hunting was undertaken 
by both sexes, while in others it was gender-specific. So while small mammals could have been 
stereotypically hunted by men, their size and usually less aggressive nature often resulted in 
them being hunted by women. As a concept this issue is of key importance, as although recent 
archaeological trends have moved towards increased investigation of ‘invisible’ people in the 
past, such as women, children, the sick or disabled, and the elderly, the potential contribution of 
women to hunting has been generally overlooked. Consequently it is greatly underestimated or 
not appreciated, and is potentially significant for improved understanding of prehistoric 
populations and their lifestyles, while also having ramifications for future studies. In addition to 
women, hunting or trapping small mammals was often carried out by children and juveniles, 
and even by older members of the group or tribe; indeed in some instances it was mainly, or 
only, this women/child/elderly demographic that was responsible for their acquisition. From 
examining ethnographic groups it is likely that prehistoric hunters would have started acquiring 
the necessary hunting and trapping skills at a very early age, initially using scaled-down 
weapons, and then continued to hone these skills through adolescence and adulthood. Hunting 
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small mammals is highly likely to have been a key part of learning to hunt competently (and for 
survival), before progressing to hunt larger species. 
 A further consideration was whether prehistoric peoples utilised other species, like dogs 
or raptors, to facilitate hunting. Of these, dogs are the most likely candidates given their innate 
affinity for chasing moving prey. They could have been encouraged to flush out small game like 
marmots, hare or rabbits using food as a reward, and then gradually been incorporated into 
hunting all game, so creating a symbiotic partnership with humans. As regards raptors, there is 
no definite archaeological evidence for Palaeolithic falconry and more research is needed to 
clarify whether this was practised in any form. Snowy owl and ptarmigan bones are 
undoubtedly both present at some Palaeolithic sites, but this may be purely coincidence given 
the number of species around, with the most likely explanation being that both were hunted for 
food or feathers/pelts. But the possible utilisation of raptors by humans cannot be totally 
excluded, even if this took an ‘intermediate’ form or step towards falconry as we recognise it, 
with humans following hunting raptors and taking their catch or ‘bribing’ them to give it up 
with morsels of meat, with subsequent development of ‘proper’, more sophisticated forms of 
falconry at a later stage.  
 
 It is clear that small mammals can be utilised for a diverse range of products. As a 
dietary resource their meat is as beneficial as that from larger species, though there is cultural 
variation in which species people will eat and those that are considered taboo. While some of 
this relates to personal preference or cultural attitude, such as due to the taste, at others it 
reflects the belief that eating such animals is hazardous to physical health and/or a spiritual 
threat. Carnivores and rodents seemingly are the animals most commonly avoided, though there 
are temporal and regional variations. For species like dogs their transition to useful commensal, 
whether as working, symbiotic ‘partners’ or pets, probably had some bearing on whether some 
humans ate them. In some instances, parts of certain small mammals were considered to have 
medicinal properties, but at times the distinction between what is defined as food and/or 
medicine becomes hazy, with the product providing both nutritional and medicinal benefits 
simultaneously. 
 In terms of utilisation for material culture, small mammal products include fur (with 
colour variation produced by utilising different species), sinews, teeth and bones, many of 
which have different characteristics to similar products from large animals. These were 
variously used for mundane purposes, such as for clothing, coverings or decoration, but in other 
instances fulfilled more abstract roles, such as in burials. The recovery of items like teeth, 
hedgehog skins, or whole skeletons from such contexts indicates that these animals or their 
remains held a special meaning within the group, whether at an individual level or as part of a 
wider ideological or cosmological construct, with this perception extending beyond death. This 
conceptual attitude towards small mammals also extended to adopting specific hunting rites, 
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with associated beliefs and practices surrounding the activity, and dictating aspects like the 
treatment of faunal remains and the manner and location of their deposition. 
 
 Improving the recognition of characteristic bone signatures related to anthropogenic 
activities was achieved by carrying out experiments into the different chaîne opératoire stages. 
These successfully demonstrated the effects produced by acquisition, carcase preparation, and 
cooking on small mammal bones. A new method of zonation was devised, specific to small 
mammals, to facilitate locating and recording the position of such changes on bones. Though 
based upon leporid bones for this research, given the inter-species similarity in bone structure 
and anatomy it could reasonably be assumed to be applicable to other small species. 
 The experiments revealed new indicators for identifying human utilisation. The 
projectile experiment successfully demonstrated the type of fractures sustained by rabbits when 
hunted with stone points, proving that their bones could remain intact enough to exhibit 
evidence of such trauma rather than merely shattering; though bones from very small mammals 
are more likely to fragment due to their reduced size. Despite the thinness of a rabbit’s scapula 
blade the experiment demonstrated that an arrowhead could truncate the bone and leave a 
recognisable outline of the point, while the residual oval fracture outline could equally provide a 
useful signature to signify human intervention. Additionally, while large animals are more 
likely to retain whole or fragmented arrow points within their bones, archaeological evidence 
shows that small lithic fragments can remain in situ in small mammal bones, though would need 
careful, detailed microscopy to locate them, so would be impractical for much assemblage 
analysis. 
 The results of the pot-polish experiment confirmed that bone polish can occur on 
smaller species’ bones, and could be employed to identify anthropic utilisation of such animals 
when ceramics were used. Subsequent comparison of the projectile and pot-polish experiment 
results with bones recovered from archaeological sites confirmed it was possible to see similar 
changes to those produced by experimentation. Possible future research could include 
investigating the variations produced in pot-polish by different factors, such as vessel size or 
shape, especially relative to the amount and type of the contents, vessel fabric and degree of 
temper included, cooking and stirring times, and the effects of cooking different species’ bones. 
Further experimentation could also investigate the possibilities of bone polish arising from 
cooking in a skin bag, or even a wooden vessel using heated stone pot-boilers, and could 
provide a further means of identifying anthropogenic activity if proven to work. 
 As regards carcase processing, it is difficult to determine to what extent there is a 
recognised ‘established’ method of butchery at these sites, as opposed to a more flexible 
approach to carcase division. While modern practices revealed different methods, determining 
precisely how much cultural variation there is would necessitate a much larger sample size from 
a number of sites over a period of time. The potential use of avulsion fractures as anthropic 
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indicators was examined, but it appears to be problematic attributing these to human action on 
the existing evidence as such fractures are also shown to occur ‘naturally’; although they were 
seemingly produced artificially in laboratories for medical research trials. Further 
experimentation with forced disarticulation, and perhaps a larger sample size could be of 
benefit.  
 
 While this research has covered many aspects of small mammal exploitation, it has only 
scratched the tip of the iceberg, mainly limited as it is to one genus of mammals; though the 
anatomical similarities between small quadrupeds may mean that some results and analytical 
methods are generally transferable between species. Suggested future work includes testing this 
theory, such as through experimentation and then by comparing the results with remains of 
other species from archaeological deposits, especially in Britain where small mammal 
utilisation has seemingly received the least attention. But while this would examine anatomy-
related factors it would not address issues like variation in utilisation, such as due to cultural and 
personal preferences, tastes and taboos, which would strongly influence the extent of small 
mammal utilisation. Determining this would rely on examining small mammal remains from 
archaeological deposits, covering different regions and time periods. Suitable candidates that I 
consider may have been utilised more in the past include badger (which was certainly eaten in 
Britain in the early 20
th
 century, with details of cooking it included in recipe books (see 
Cameron 1977 for example)), beaver, squirrel, hedgehog, and maybe fox (as dog was eaten), 
though unless all small species are examined it will not be possible to obtain a clear holistic 
picture of their past utilisation.  
 
 In conclusion, my opinion has been confirmed by my doctoral research, and I consider 
that European Palaeolithic and Mesolithic hunter-gatherers would have utilised small species 
more than is generally acknowledged. So that when considering zooarchaeological remains 
perhaps we should reverse the argument, and instead of thinking ‘were they eaten?’ we should 
take the view ‘why weren’t they eaten?’ and try to put aside our modern biases and 
preconceptions when examining or analysing their remains. More consideration should be given 
to ascertaining how they were utilised, and what other methods we could adopt to further our 
knowledge of this subject. Despite this research and that of others, identifying anthropogenic 
activity on small mammal bones remains a problematic area, though this research and these 
experiment findings have contributed to our perception of small mammal use and helped reduce 
the ambiguity of distinguishing between modification by cultural and natural agencies. Finally, 
while this research has undoubtedly added to our knowledge of small mammal exploitation and 
utilisation by ethnographic and prehistoric societies it has only scratched the surface of this 
subject, and there remains considerably more to learn about the past utilisation of small 
mammals. 
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APPENDIX A 
 
SUMMARY OF SMALLER MAMMAL SPECIES IN BRITAIN AND 
EUROPE WITHIN THE RESEARCH PERIOD 
 
A.1 Outline of species 
The biodiversity of an area can often vary over time, and the presence of different small 
mammal species is no exception. Below is a summary of the smaller species in Britain and 
Continental Europe during this time. 
 
A.1.1 Rodents 
The mammalian order Rodentia comprises a wide range of differently-sized animals, from tiny 
pygmy shrews to capybara. In Europe, the largest rodents are coypu and beaver, while smaller 
species include mice, rats, squirrels, marmots, and dormice (especially the edible dormouse (Glis 
glis) which the Romans later regarded as a delicacy. These would be kept in large earthenware 
pots called 'dolia' and fattened up with a walnut-rich diet, then eaten dipped in honey and poppy 
seeds (Lost in France 2005-2011). 
  
A.1.2 Erinaceomorphs 
Hedgehogs: 
European hedgehogs are the only erinaceomorphs found in north-western Europe.  
 
A.1.3 Lagomorphs 
The mammalian Order Lagomorpha comprises a total of 40 species of pikas (Ochotonidae), hare 
and rabbit (Leporidae) that are found in different areas of the world (Corbet 1994, 1-2).  
 
Pika: 
Pika are small, (less than 15cm long), nocturnal mammals with short ears that resemble short-
legged rabbits that would have burrowed and nested in scree slopes found round gorges (Creswell 
Crags Museum & Heritage Centre 2009). They are found in Russia today, inhabiting the 
mountains of Central Asia, with one subspecies that lives in North America (Clutton-Brock 1999, 
179-180), but they were more extensive in the past. There is evidence for pika (Ochotona pusilla) 
in Britain during the Pleistocene around 10,000 years ago, with remnants found in Mendip, 
APPENDIX A: Summary of small species in Britain 
718 | P a g e  
Somerset, the Wye Valley (Hereford & Worcester), and at sites like Robin Hood Cave 
(Derbyshire) (Figure A.5) (Creswell Crags Museum & Heritage Centre 2009). 
 
      
 
Rabbit:  
From the end of the Pleistocene to the Roman period the European rabbit (Oryctolagus 
cuniculus) was only found in the Iberian Peninsula, Southern France, and maybe North Africa. 
It was thought to have been introduced into other parts of Europe by the Romans, who ate them, 
but probably not into Britain until the Norman period (Clutton-Brock 1999, 180-181), but recent 
evidence suggests they were introduced in Roman times (Sykes and Curl 2010, 120). 
 
European or Brown Hare are most common species found in Britain today, but in the prehistoric 
period, arctic hare were certainly hunted and eaten. 
 
A.1.4 Carnivores 
Carnivores essentially comprise members of the canid, felid and mustelid families. These are now 
considered separately. 
 
Mustelids: 
Mustelids include weasel and stoat, martens, badger, and wolverine (Gulo gulo). 
 
Pine marten (Martes martes): 
Pine marten have dark chocolate-brown fur and a cream or white bib on the throats, and a long 
bushy tail. They have a body length of up to 75cm, and weigh an average of 1.5kg, though 
males may reach C.2kg, which is about the size of a domestic cat (Lost in France 2005-2011). 
 
  
Figure A.5: Pika jaw, 
from the last Ice Age, 
found at Robin Hood 
Cave (Creswell Crags 
Museum & Heritage 
Centre 2009). 
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Beech / Stone marten (Martes foina): 
Beech marten (also called stone marten) are found in Europe, though not Britain. They are 
similar to pine marten, though nocturnal and often live in close proximity to people. They are 
marginally smaller than pine marten, with body length of 40-50cm, and a 20-30cm tail length. It 
is easy to distinguish between the pelts as the beech marten’s white bib is forked, resembling an 
inverted V. Their breeding season is between July to August, though the young (usually up to  
four) are not born until March-April the following spring (Lost in France 2005-2011). 
                         
Badger (Meles meles): 
A large mustelid that is still found throughout Britain and Europe. 
 
Wolverine (Gulo gulo): 
This large aggressive member of the mustelid family was once found in Britain 
 
Felids: 
Although the only indigenous cat in Britain today is the Scottish wildcat, in the past there were 
also lynx and sabre-toothed cats in Britain and Europe. 
 
Canids: 
European canids include dog, fox, and wolf. 
 
A.2 Introduction of small species 
Some indication of the presence or introduction of some small species is outlined in the table 
below, though there is often no precisely known date for their introduction or extinction from the 
British Isles. 
 
Table A.1: Summary of the mesofauna species present in the British Isles during 
prehistory, indicating the earliest evidence for them or when introduced. 
 (Sources: Altuna 1999; Clason 1999; Harris and Yalden 2008; Kurtén 1968; McCormick 1999; 
Street and Baales 1999; van Wijngaarden-Bakker 1989; Yalden 1999). 
Species Britain Scotland Ireland 
 
Rodents: 
 
Beaver 
(Castor fiber) 
Native 
Extinct 
Native. Extinct. 
Recently reintroduced 
 
Red squirrel 
(Sciurus vulgaris) 
Present by Neolithic   
Absent in prehistory. 
(Introduced in 7th 
century AD) 
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Grey squirrel 
(Sciurus carolinensis) 
Absent in prehistory. 
Black Rat 
(Rattus rattus) 
Absent in prehistory. 
(Introduced in Roman / 
4
th
 century AD) 
 
Absent in prehistory. 
(Introduced in 13
th
 
century AD) 
Brown Rat 
(Rattus norvegicus) 
Absent in prehistory. 
(Introduced in 18
th
 
century AD) 
 Absent in prehistory 
 
 
Soricomorphs: 
 
Mole 
(Talpa europaea) 
  
No evidence for 
presence ever 
 
 
Erinaceomorphs: 
 
Hedgehog 
(Erinaceus europaeus) 
  
Absent in prehistory. 
Anglo-Norman 
introduction 
 
 
Lagomorphs: 
 
Pika 
(Ochotona sp.) 
Evidence from 
Cresswell Crags 10kya 
Became extinct? 
Cresswell 
  
Rabbit 
(Oryctolagus 
cuniculus) 
Absent in prehistory. Introduced by  
Romans and Normans 
Absent in prehistory. 
Introduced by the 
Normans 
Brown Hare 
(Lepus europaeus) 
   
Irish Hare 
(Lepus timidus 
hibernicus) 
No evidence 
for presence 
 
Late Glacial 
12,190 ± 130 BP 
Mountain Hare 
(Lepus timidus) 
Native   
Arctic Hare 
(Lepus timidus) 
Present in Palaeolithic   
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Carnivores: 
 
 
Mustelids: 
 
Badger 
(Meles meles) 
Native. Early 
Pleistocene (Yalden 
1999) 
 Bronze Age 
Otter 
(Lutra lutra) 
  
Early Bronze Age 
2094-1880 BC 
Pine Marten 
(Martes martes) 
  
2780 ± 55 b.p. 
Not known if native 
or introduced by 
humans 
Polecat 
(Mustela putorius) 
Native   
Stoat 
(Mustela erminea) 
Native  10,680 ± 110 b.p. 
Weasel 
(Mustela nirvalis) 
Native  
No evidence for 
presence ever 
Least weasel 
(Mustela minuta) 
Native 
Extinct by ? 
  
Wolverine 
(Gulo gulo) 
   
 
Felids: 
 
Wildcat 
(Felis sylvestris) 
Native from last Ice Age 
(Kitchener and 
O'Connor 2010) 
Native from last Ice 
Age Under threat 
today  (Kitchener and 
O'Connor 2010) 
Mesolithic 
Extinct by LBA 
or Iron Age  
(McCormick 1999) 
Eurasian Lynx 
(Lynx lynx) 
Arrived after last Ice Age. 
Extinct between Roman and late medieval 
 period  (Hetherington 2010) 
 
 
Canids: 
 
Arctic Fox 
(Alopex lagopus) 
Native  
19,950 ± 250 b.p. 
Probably extinct after 
13,000 BP 
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Red Fox 
(Vulpes vulpes) 
Native 
EBA (Islay). No pre-
human evidence 
Early Bronze Age. 
No pre-human 
evidence 
Dog 
(Canis familiaris) 
   
Wolf 
(Canis lupus) 
Native  
Native 
11,150  ± 90 b.p. 
Extinct 18
th
 century AD 
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SIZE IS NOT IMPORTANT!: ARCHAEOLOGICAL AND 
ETHNOGRAPHIC EVIDENCE FOR CULTURAL 
ATTITUDES AND USE OF SMALLER FAUNA 
 
Overlooking small species as potential prehistoric foods may be the result of our own modern 
cultural bias, but it is important to remember and appreciate that attitudes towards eating certain 
species may have differed significantly in the past, along with possible spatial, temporal, and 
cultural variation. Such populations did not have the luxury of local supermarkets providing a 
vast ready range of local, regional, and even globally imported foods. Dietary choices would 
have been determined by availability, hunting ability, and level of hunger, and probably defined 
by socio-cultural dictates and taboos. To some extent this biased way of thinking must surely be 
attributed to an increasingly urbano-centric society that is rapidly losing touch with our rural 
environment, farming, and nature ‘in tooth and claw’. For north-western Europe there often 
seems to be the attitude that ‘if we don’t eat them, then prehistoric populations would not have 
done’, unlike other areas of the world who seem more ready to acknowledge the consumption or 
utilisation of a broader spectrum of species. Perhaps a contributory factor is the unfortunate lack 
of any surviving hunter-gatherer groups in Europe (Lee and Daly 1999) to influence modern 
Western perceptions? It is noticeable from examination of such peoples elsewhere, past and 
present, whether cold climate cultures like Eskimos or hot climate, tropical and subtropical 
societies, that most exploit a more diverse range of fauna than merely larger herbivorous 
animals. For example, the cooking and consumption of reptiles such as crocodiles and turtles in 
Africa (Rybczynski et al. 1996) and local use of ‘bushmeat’ from a range of species, while 
‘everyone ‘hunts’ and eats rats’ (Torday and Joyce 1906, 41-42).  
 This chapter examines the archaeological and ethnographic evidence for utilisation 
smaller species. 
 
B.1 Archaeological evidence 
Despite their size, smaller non-ungulate faunal remains potentially offer an additional source of 
information about past populations and their lifestyles. Therefore, determining the dietary and 
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cultural role of smaller mammals is important to provide a more holistic understanding of 
prehistoric diet and material culture, besides a greater appreciation of socio-cultural attitudes 
towards such species. 
Evidence from sites across Europe indicate that fish were widely eaten throughout 
prehistory (see for example Hardy and Moncel 2011), while other sites include Morton 
(Scotland)(Smith 1992, 145) and the rockshelter at Pont d'Ambon à Bourdeilles (France) 
(Célérier 1998). A diverse range of bird species were also utilised, and not only waterfowl like 
duck and geese that we would consider edible, but also species like ptarmigan (Figure B.1), 
swan, owl, and the now-extinct great auk. 
 
                     
Figure B.1: Evidence of carcase processing of Lagopus lagopus (willow grouse/snow 
ptarmigan) from the Upper Magdalenian site of La Vache (Ariège, France), where the remains 
of over 1,500 such birds were recovered (Laroulandie 2005b, Fig.4). 
 
 While we might consider these latter birds less appealing, our prehistoric counterparts 
seemingly had no such qualms and their diet has been shown to also include reptiles and 
amphibians. Careful examination of archaeological sources shows a clear indication for 
exploitation of other smaller-sized fauna from the Pleistocene onwards, perhaps less ‘typical’ 
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for modern Western European palates. No species can be discounted as being a foodstuff due to 
their small size, with archaeological evidence for consumption of vertebrates and invertebrates 
from the Palaeolithic onwards, and ethnographic evidence for eating a range of comparably-
sized species. While we might consider these species less appealing, our prehistoric counterparts 
evidently had no such qualms and their diet is shown to include small vertebrates like reptiles, 
amphibians, fish and birds. For example, among the remains of large herbivores and smaller 
species like squirrel, wildcat, marten, and especially badger recovered from the Mesolithic site 
of Baume d’Ogens (Vaud, Switzerland) there were numerous frog bones, especially of grass 
frog (Rana temporaria). Many were burned (Figure B.2), and given the particular over-
abundance of hindquarter elements was interpreted as frogs cooked for human consumption 
(Chiquet 2005).  
 
 
Figure B.2: Frog bones from the Mesolithic site of Baume d’Ogens (Vaud, Switzerland) showing 
evidence of burning. Left) The total number of bones present, with the intensity of burning 
indicated by different shades. Right) The number of non-burnt bones (Chiquet 2005, Fig.4). 
 
A similar find was made at the Eneolithic site (Rĭvnáč culture settlement) of Kutná 
Hora-Denemark (Czech Republic) where the assemblage of 739  bones (MNI of 123) mainly 
comprised the femora and tibio-fibulae of adult male common frogs (Rana temporaria), 
confirming Central European exploitation of amphibians for food (Kyselý 2008). Observation of 
ethnographic groups also show that some use frogs for supernatural, ritual, magic, and religious 
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practices, which may be significant (Boll 2004), although the frog bones from the 
abovementioned sites showed evidence of burning, plus the predominance of elements from the 
main edible parts, suggesting their use as a food resource. Seasonal exploitation is also 
suggested, with frogs gathered from small ponds in March or April (Kyselý 2008, 154). 
Evidence for reptile consumption has been found in Mousterian deposits at Grotta dei 
Moscerini (Italy), a shallow cave where remains of land tortoises (probably Testudo graeca) and 
aquatic tortoises (Emys orbicularis) have been found. These bore evidence of hominin 
processing, with impact cones or depressions on their shells that were apparently caused by 
striking with a blunt object (like a rock) and opened when fresh (Stiner 1993, 112-113) to access 
the meat. This is not an isolated case; the skeletal remains of tortoises (Testudo graeca), Persian 
squirrels, and hedgehogs were found in Middle Palaeolithic layers at Hayonim Cave (Israel) 
(Stiner et al. 1999, 191) (Figure B.3), and another tortoise species (Testudo hermanni) was 
found in pre-Upper Palaeolithic levels at Cova del Bolomor (Spain). Closer examination 
showed clear evidence for anthropogenic modification for processing and consumption, 
including cut-marks, burning, percussion notches and impact flakes on the carapace and plastron 
(dorsal and ventral shell), and human tooth-marks on limb bones (Figure B.4) (Blasco 2008).  
 
       
 
Figure B.3: The remains of 
fractured tortoise carapace 
(Testudo graeca) from 
Hayonim Cave, Israel, dated 
to c.200,000 years ago 
(Stiner et al. 1999, Fig.1). 
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Figure B.4: a,b) Cut-marks and c) Human tooth-mark on a tortoise distal humerus, and 
microscopic view (Blasco 2008, Figs.4 and 7). 
 
 There is archaeological evidence for cooking tortoises in their shells. Examples include 
western Mediterranean sites Abric del Pastor (Pérez and Serra 2009, 1157) and Cova del 
Bolomor (Spain) (Blasco 2008), Middle Eastern sites like Kebara Cave (Speth and Tchernov 
2002), and in Central America where (along with some African groups) ethnographic evidence 
exists for this practice. At all these sites the occupants used the tortoise carapace as a bowl, 
placing it upside-down on the embers or even the fire itself, though at some Middle East sites a 
greater degree of burning on the tortoise plastron suggests a different cooking method (Pérez 
and Serra 2009, 1157). 
There is evidence for consumption of invertebrates such as aquatic molluscs throughout 
prehistory, in the form of shellfish such as limpets or periwinkles. Evidence for eating land 
snails is less common, yet has been identified in the south of France, Iberia, and other circum-
Mediterranean countries from the Pleistocene onwards (Lubell 2004a; 2004b; Stiner 1999), 
while in Roman times Apicius provides recipes for ‘milk-fed’ and ‘roasted’ snails (Grocock and 
Grainger 2006, 256-257). Even today, parts of Somerset are renowned for their Roman snails, 
the ‘Mendips wallfish’, which have survived in this county and still eaten until fairly recently.  
Outside Europe, the remains of insects stored in caches for human consumption have 
been found in well-preserved archaeological deposits, such as at Mantles Cave (Colorado, 
USA), dated to AD 650. It comprised mainly adult grasshoppers, though others from different 
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developmental stages were present, with the mass of remains suggesting that the bodies had 
been divided and chopped, ground or mashed. Grasshoppers (Melanoplus sanguinipes) were 
regularly caught and sun-dried for consumption by prehistoric hunter-gatherers in the Great 
Basin (USA) (Madsen and Kirkman 1988). The fragmented remains of several hundred roasted 
mormon crickets (Anabrus simplex) were found littered around a roasting pit at Leigh Cave 
rockshelter site (Wyoming), and the remains of these crickets and other insects were recovered 
from a protohistoric Shoshone campsite, suggesting they provided a good protein source 
(Richmond 1999, 339). Charred fragments of red harvester ants (Pogonomyrmex sp.) and 
mormon crickets (Anabrus simplex) were found in seed cakes from Eden-Farson late prehistoric 
site (western Wyoming), and interpreted by Frison as probably food (Sutton 1995, 278-279). 
The above archaeological evidence shows that small species were eaten, and that factors 
like abundance, availability, and ease of capture could at times be as important as biomass per 
animal, so that dietary choice did not solely rely on animal size. 
 
B.2 Ethnographic evidence 
These is much ethnographic evidence for exploitation of smaller species such as invertebrates, 
molluscs, birds and small mammals. 
 
Invertebrates: 
Even insects are a useful foodstuff, especially given their general abundance and availability, so 
that when used in large quantities become a high-ranking dietary resource. Given that many are 
readily accessible and easily acquired, they could have been harvested by children, the elderly 
or less mobile group members. Ethnographic sources recount various tribes eating small-sized 
foodstuffs, such as insects, molluscs, or crustaceans, with such utilisation and dietary benefits 
are well-documented (see for example DeFoliart 1999; Morris 2008). Australian aborigines are 
renowned for eating the much sought-after ‘witchetty (‘Wijuti’) grubs (Figure B.5) (Cornwall 
1968, 106) or ‘Laju’ (Illgner and Nel 2000), the larvae of various species of wood-eating moth 
(Endoxyla spp.) that reportedly taste like hard-boiled egg once roasted on a fire (Oz Outback), 
and beetles that grow up to c.15cm long (Queensland Museum 2006), If such items were 
abundant or easily accessible with little effort or risk it is possible that they were eaten by 
prehistoric groups, and considered a normal part of everyday diet. 
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 Numerous varieties are consumed in Africa, including mopane worms (Figure B.6), 
while the Hadza (Tanzania) often eat a certain species of land snail (Woodburn 1970, 45) and 
the Ba-Yaka (Congo Basin) are recorded as eating locusts and worms (Torday and Joyce 1906, 
41-42). Furthermore, while such species are probably an alien concept to many European 
people, insects are often eaten out of choice because of their taste, rather than through necessity. 
Pacific Islanders eat a range of insects, as well as more usual staples such as fruit, fish, meat, 
and vegetables, while over 200 different species are consumed in Mexico. Many of these are 
considered delicacies and served in gourmet restaurants (Waldbauer 2003, 131), such as in 
Tlaxcoapan, where tacos are sold with ants. These are served with black butter or fried, while 
cooking them with garlic and onions is also a popular dish (DeFoliart 1992). 
 
Figure B.5: Australian aborigine 
with witchetty grubs, known as 
‘Laju’ in the Warlpiri language, 
which may be found within the 
roots of dead trees.  
 
These invertebrates are very 
nutritious; once roasted on a fire 
their taste apparently resembles 
hard-boiled egg (Photo: Ludo 
Kuipers, OzOutback Internet 
Services). 
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Figure B.6: Cooking Mopane worms in a traditional pot in Sub-Saharan Africa (Menzel and 
D'Aluisio 1998, 123, cited in Illgner and Nel 2000, Plate 1). 
 
 Some indication of the nutritional content and value of such foods may be gleaned from 
DeFoliart (1992) who states that caterpillars may contain 28% protein; this compares favourably 
with beef, which contains 26% protein, fish 16%, and kidney beans 23%. Analysis of dried 
locusts shows they contain about 20% fat and up to 75% protein, besides being a useful source 
of vitamins, with 100 g locusts yielding 7.5 mg of niacin and 1.76 mg of riboflavin (Brothwell 
and Brothwell 1969, 68-69), vitamins B2 and B3. But a major drawback to eating insects is their 
seasonal availability (Fiedler 1990), a problem not always encountered when considering the 
use of smaller non-ungulates as a dietary resource, and their intolerance of very cold climates.
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A SYSTEM OF ZONATION FOR SMALL MAMMALS 
Figure C.1: Bone elements and their ascribed zones, based on European rabbit (Oryctolagus 
cuniculus) bones and fragments: 
a) Skull: 
                
 
 
17. Nasal bones 
18. Frontal, anterior parietal, upper orbit 
19. Maxilla, anterior palate, diastema 
20. Posterior palate, inferior part of temporal 
bones 
21. Zygomatic arch 
22. Parietal 
23. Occiput, Foramen magnum 
 
2 
1 
6 
4 
3 
1 
2 
7 
3 
7 
6 
4 
5 
5 
5 
APPENDIX C: A system of zonation for small mammals  
732 | P a g e  
b) Mandible: 
                          
 
24. Diastema, incisors 
25. Horizontal ramus, teeth 
26. Angle 
27. Ascending ramus 
11b       Condyle 
 
 
 
Postcranial elements: 
Upper limb: 
c) Scapula: 
 
 
28. Glenoid cavity (socket) 
29. Collum (neck) 
30. Spine 
31. Proximal body 
32. Distal body 
 
8 
14 
9 
11 
10 
16 
15 
13 
12 
      11b 
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d) Humerus: 
      
 
e) Radius: 
                   
   17 
       18 
      19 
       22 
21 
        20 
      23 
     25 
  26 
    27 
     24 
110. Head, Proximal epiphysis 
18. Bicipital protruberance 
10. Proximal shaft 
20.  Midshaft 
21. Distal shaft 
22. Trochlea / Olecranon fossa, 
distal epiphysis 
 
23. Radial head 
24. Proximal shaft 
25. Midshaft (Ulna scar) 
26. Distal shaft 
210. Articulation 
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f) Ulna: 
                
 
Pelvis and lower limb: 
g) Pelvis: 
       
                       34.  Ilium        35. Acetabulum 
                                                   36. Pubis       310. Ischium           
  
     33 
30 
29 
     31 
     32 
  34 
    35 
      36 
    37 
        36 
     37 
       35 
   34 
 
27. Olecranon process 
28. Trochlear notch 
30. Proximal shaft 
31. Midshaft 
32. Distal shaft 
33. Articulation, Distal epiphysis 
28 
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h) Femur 
          
 
i) Tibia and fibula: 
           
44 
        43 
46 
45 
     49 
      42 
      41 
      39 
    40 
51 
48 
47 
50 
Tibia:  
52. Head, Proximal epiphysis 
53. Proximal shaft 
54. Midshaft 
55. Distal shaft 
56. Articulation, Distal epiphysis 
 
Fibula: 
57. Head 
58. Proximal shaft 
59. Distal shaft & Junction with tibia 
38. Head, Proximal epiphysis 
37. Trochanters 
40. Proximal shaft 
41. Midshaft 
42. Distal shaft 
43. Articulation, Distal epiphysis 
38 
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Axial skeleton: 
j) Rib: 
             
 
52. Head                54. Tubercle, Proximal shaft  
53. Neck                55. Shaft 
 
 
k) Vertebrae: Cervical, thoracic and lumbar: 
     
 
  
61. Odontoid peg 
62. Body 
63. Spinous process 
64. Transverse process 
65. Laminae / Neural arch 
 
      58 
  56 
 59 
    57 
   60 
  54 
  53 
        55 
     52 
Atlas: Axis: 
  57 
    58 
     60 
APPENDIX C: A system of zonation for small mammals  
P a g e  |737 
 
l) Sacrum: 
     
64. Sacrum – proximal 
65. Sacrum – distal 
66. Spinous process(es) 
 
        63 
   62 
  61 
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APPENDIX D 
 
RABBIT ARCHERY EXPERIMENT RESULTS 
For the experiment, the rabbits were radiographed before and after shooting by archers, and the 
points used photographed and examined with a low-power binocular microscope before and 
afterwards. During the experiment a record was made of the places where the points seemed to 
hit the rabbits
33
, with variation in the number of hits scored on each rabbit by the different arrow 
points. This was amended to include where evidence of trauma (such as a hole in the 
subcutaneous tissue) was found during post-experiment processing. Afterwards, both the arrow 
points and bones (when skeletonised) were examined macroscopically and microscopically for 
damage and fractures, and the results recorded. These experiment results are now described 
below in relation to the type of point, with each section briefly mentioning the results of the pre- 
and post-experiment rabbit radiographs and arrow point images, along with a description of the 
fractures or damage sustained in each case. Subsequent appendices examine radiographs (see 
Appendix E), and damage to the arrows and points (see Appendix F) separately. 
 
Key to the diagrams of arrow strikes on the rabbits: 
 
Cross on a red background indicates that the arrow point pierced the skin, and stayed in 
situ in the rabbit 
 
Cross on a blue background indicates that the arrow point bounced off the animal, 
though it may have pierced the hide and underlying muscles 
 
Cross on a green background indicates that there was some evidence of possible injury 
during processing the rabbit, such as a hole in the tissue 
 
A square box with a number in it indicates which arrow was fired. These are linked to 
the above symbols to show the result of the hit 
 
A square box with a question mark in it indicates it is unknown which arrow caused the 
injury. Most refer to possible trauma identified during rabbit processing 
                                                     
33
 (Diagram templates based on an image from the website of East Valley Bunny Rescue 2006). 
8 
? 
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D.1 Organic points  
D.1.1 Wood: Blunted points 
(Arrows 1 and 2; Rabbit 6) 
 
Pre-X-ray: 
No limb fractures were identified on the pre-experiment radiographs of the rabbit, though there 
was residual evidence of metal gunshot fragments in its head and proximal neck (Figure D.1), 
and the mandible was also probably fractured.  
 
        
 
Hits:  
Direct hits were made on each side of the ribcage during shooting, and one arrow hit the spinous 
process region of the distal thoracic vertebra. No evidence of puncture was seen from any 
arrow, as was expected given the type of point. 
 
Arrows and points: 
Both points remained intact during the experiment, though Arrow 1 broke midshaft, while 
Arrow 2 point broke at its base. Microscopic examination of the points after firing showed no 
discernible evidence of changes. 
 
 
Figure D.1: Gunshot 
fragments at the junction of 
the rabbit’s head and neck 
(arrowed). This injury would 
have caused the fracture to 
the atlas. 
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Arrow strikes on the rabbit: Wood: Blunted points 
 
2 
1 
Wooden blunt points 1 and 2. 
Rabbit 6: Right side 
1 
2 
Wooden blunt points 1 and 2. 
Rabbit 6: Left side 
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D.1.1.1 Fractures sustained by Rabbit 6 from the blunt wooden cylindrical 
arrowheads 
Post-X-ray: 
No new fractures were seen on the post-experiment radiograph of the rabbit’s thoracic region 
(Figure D.2 below), though the mandible appeared fractured and the anterior part of the cervical 
spine seemed disrupted. 
 
 Figure D.2:  Post-experiment radiograph of the rabbit’s thoracic region. 
 
 Relatively few fractures were sustained by Rabbit 6 from the blunt arrows, and these 
were confined to the lumbar vertebrae (Figures D.3) and one rib, and identified following 
skeletisation. These findings were compared with the radiographs. Retrospective examination of 
these revealed a possible spinal fracture of the 7
th
 lumbar vertebra on the post-shooting film 
(Figure D.4), which was not seen on the pre-shooting image, though this could have been 
obscured due to the position in which the rabbit was lying. Only a single fractured rib was found 
during examination of the bones (Figure D.5), with the break appearing almost transverse on its 
exterior surface. 
 The suspected damage to the atlas vertebra and mandible was confirmed, but this would 
have been incurred when the rabbit was killed, either from shooting, given the metal shot 
fragments in the vicinity (Figure D.1), or if its neck was broken manually. Furthermore, no 
arrows were seen to have hit that area of the rabbit’s body, so these fractures were excluded 
from the results.  
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Vertebrae: 
 
 
 
 
Figure D.3: Microscopic 
images of damage to a lumbar 
vertebra from Rabbit 7, caused 
by blunt wood projectiles 
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Figure D.4: Probable fracturing of the rabbit’s 7
th
 lumbar vertebra, with displaced bone fragment 
(arrowed). 
 
Ribs: 
   
 
Figure D.5: Fractured ribs in 
Rabbit 6, caused by wooden 
blunt projectiles 
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D.1.2 Wood: Pointed, cylindrical points 
(Arrows 3 and 4; Rabbit 5)  
 
Pre-X-ray: 
Pre-experiment radiographs clearly showed that the rabbit had a broken neck, and that there 
were also traces of metal gunshot in that region. 
 
Hits:  
The fewest hits were made using the wooden cylindrical points as both arrows suffered midshaft 
breaks shortly after starting to shoot with them, due to them missing the target and hitting the 
ground or a box. Prior to their breaking, one arrow was seen to hit the distal part of the rabbit’s 
left ribcage, though little evidence of perforation was noted during later processing.  
 
Arrows and points: 
Arrows 3 and 4 broke midshaft during the experiment.  
A puncture hole was also found on the right side of the rabbit following skinning, though it is 
not known which arrow shot produced it. One possibility is that it was caused by Arrow 3, as 
during one shot the arrow deflected off the rabbit and over a hedge. It landed in an adjacent 
roadway, damaging the tip (Figure D.6). The other wooden point suffered much less damage 
during the experiment, though the tip was slightly bent. 
 
  
Figure D.6: Arrow 3 before (left) and after (right) firing, showing the damage incurred by the 
wooden point hitting a road. 
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 Arrow strikes on the rabbit: Wood: Pointed, cylindrical points 
 
 
 
 
 
 
 
 
 
?4 
3 
Wooden cylindrical points 3 
and 4. Rabbit 5: Right side 
Wooden cylindrical points 3 and 
4. Rabbit 5: Left side 
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D.1.2.1 Fractures sustained by Rabbit 5 from the wooden cylindrical arrow points 
Post-X-ray: 
No obvious fractures were seen on the post-experiment radiograph. 
 
 Despite several arrows seeming to hit the rabbit’s thorax and a puncture to the chest 
wall found on post-processing, no ribs were found to be fractured, and the only evidence of 
bone trauma was to cervical vertebrae. Examination of the pre-archery radiographs clearly 
showed the presence of gunshot in the region of the animal’s neck with fragments near its mid- 
to distal cervical spine (Figure D.7), which occurred when the animal was killed. 
 
 
 
Figure D.7: Radiograph of Rabbit 5 (with magnified view below), showing fragments of gunshot 
(white areas) in the rabbit’s neck and spine. 
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 Examination of the rabbit’s vertebrae following carcase processing revealed damage to 
several bones (Figure D.8), which were attributed to shooting or manual breaking of the neck 
when the animal was killed, as no bone arrow-points seemed to come close to this area. 
 
 
Figure D.8: Damage to a vertebra from Rabbit 5, likely due to gunshot at the time of killing. 
 
 Although the overall break was broadly linear, the fractured edges were not clean cut, 
with the fractured edges of the bone appearing jagged or with an irregular outline (Figure D.9). 
 
 
 
Figure D.9: The effect of gunshot on the rabbit’s vertebrae. The bone edges are left with an 
irregular, jagged appearance. 
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D.1.3 Antler: Pointed cylindrical points 
(Arrows 5 and 6; Rabbit 3) 
 
Pre-X-ray: 
No obvious fractures were seen on the pre-experiment radiograph. 
 
Hits:  
Hits were made in both sides of the rabbit’s chest in the inferior rib areas. Several arrows also 
hit the anterior abdominal region, and one hit the dorsal neck area. 
 
Arrows and points: 
The point of Arrow 6 broke off at its base during the experiment, close to its base. There was no 
visible damage to the tips of the arrow points. 
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Arrow strikes on the rabbit: Antler: Pointed cylindrical points 
 
6 
5 
? 
Antler cylindrical points 5 and 6. 
Rabbit 3: Left side 
6 
? 
Antler cylindrical points 5 and 6. 
Rabbit 3: Right side 
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D.1.3.1 Fractures sustained by Rabbit 3 from the pointed antler cylindrical arrow 
points 
Post-X-ray: 
No obvious fractures were seen on the post-experiment radiograph. 
 
Fractures occurred in ribs and two vertebrae (Figure D.10), producing a jagged edge. 
 
            
Figure D.10: Vertebra fractured by a cylindrical antler point. 
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D.1.4 Antler: Uniserial barbed 
(Arrows 7 and 8; Rabbit 9)  
 
Pre-X-ray: 
No obvious fractures were seen on the pre-experiment radiograph. 
 
Hits:  
Hits were made in both sides of the rabbit’s chest in the lower rib areas. 
 
Arrows and points: 
The point of Arrow 8 broke off near its base during the experiment, when it hit the rabbit in the 
chest, leaving a short residual stump of the point on the arrow (Figure D.11). 
 
 
 
    
Figure D.11: Arrow 8 before (top) and after (below) shooting, showing the damage incurred by 
the point breaking off within the rabbit’s chest. 
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Arrow strikes on the rabbit: Antler: Uniserial barbed 
 
 
 
 
 
 
 
 
  
8 
8 
8 
7 
Antler uniserial barbed points 7 
and 8. Rabbit 9: Right side 
Antler uniserial barbed points 7 
and 8. Rabbit 9: Left side 
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Post-X-ray: 
The subsequent post-experiment radiograph confirmed that the barbed antler point (Arrow 8) 
had snapped within the rabbit upon impact, as it clearly showed the remains of the point had 
been left embedded in the rabbit’s anterior thorax. The end of the point was visible in the rabbit 
during skinning, and fell out during the process. This revealed that the barbed point had split 
into two parts along the line of a barb (Figure D12), leaving a smaller fragment within the 
rabbit’s chest, which was represented by the radio-opaque area seen on the radiograph dorsal to 
the larger fragment (Figure D.13).  
 
 
Figure D.12: Most of the tip of the barbed antler arrow point (lower arrow) embedded in the 
rabbit’s anterior thorax. The other fragment appears dorsal to this and nearer the spine (upper 
arrow). 
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Figure D.13: Arrow 8 after shooting, showing part of the damage incurred by one of the point’s 
barbs breaking off within the rabbit’s thorax. The larger fragment fell out when skinning the 
rabbit, while the remaining fragment was never recovered during subsequent processing. 
 
 Subsequent microscopic examination of the bone point revealed that the tip had also 
been damaged from hitting the rabbit, with part snapped off and the residual portion left as a 
jagged edge (Figure D.14). The most likely cause of such damage was upon impact with the 
rabbit’s bones; the broken tip was recovered during processing. 
 
    
    
Figure D.14: Before (top) and after (bottom). The tip of the barbed antler Arrow 8 has been 
significantly broken off during the experiment, with most damage likely occurring during impact 
with the rabbit’s bones. 
 
 It is interesting to compare the damage to the tip of this antler point with that of a bone 
point recovered from the Upper Palaeolithic Aurignacian levels at the site of Riparo Mochi 
(Italy) (Figure D.15). The faunal remains showed the presence of species such as red deer and 
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marmots, and such damage could have also been incurred by impact with animal bone during 
hunting. 
              
 
D.1.4.1 Fractures sustained by Rabbit 9 from the antler uniserial barbed points 
Examination of the cleaned processed bones showed that the damage comprised a fractured rib 
and the acromion process broken off the right scapula (Figure D.16), which was undoubtedly 
caused by the arrow trajectory. The resultant fractured end appeared irregular in outline, with 
more bone broken off the interior face than the exterior side. 
 
 
Figure D.16: Right scapula with the acromion process broken off by shooting (arrowed), 
compared with the normal, whole scapula from the opposite side. 
Figure D.15: Double-bevelled 
bone point with damaged tip, from 
the Aurignacian levels of Riparo 
Mochi (Alhaique et al. 2004, Fig.4) 
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 The fractured rib was broken about halfway along the shaft (Figure D.17), leaving a 
jagged, irregular end to the bone. Unfortunately it was not possible to determine which rib it 
was, and whether it was from the proximal or distal thorax. 
 
         
 
 Aside from the rib and scapula fractures, the remainder of the bones appeared to have 
suffered no damage. The remaining fragment of the antler point was never recovered, despite 
careful processing. One further skeletal change was noted (see below), which was incidental to 
the experiment as the condition would have been on-going for at least several months 
beforehand. This was the presence of pathological changes to part of the lumbar spine (Figure 
D.18) that was seen on the radiographs, where the 5
th
 and 6
th
 vertebrae appeared fused. 
Examination of these following processing confirmed the finding, with two contiguous 
vertebrae and the intervertebral joint space affected, which resulted in marked asymmetry in 
both, particularly the vertebral bodies at the articular surfaces and surrounding bone (Figures 
D.19 and D.20).  
 
 
Figure D.18: Radiograph showing fusion of the 5
th
 and 6
th
 lumbar vertebrae, marked by 
abnormal bone growth, curving of the articular surfaces and a reduction in the joint space.  
 
Figure D.17: Rib fractured 
during the shooting 
experiment. The fractured end 
and surface is irregular and 
jagged in appearance. 
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Figure D.19: Pathological changes to the two adjacent affected lumbar vertebrae in the rabbit. 
Fusion of the bones would have caused some slight lateral spinal curvature at that point. 
 
 a) 
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Figure D.20: Marked asymmetry to the a) 6
th
 and b) 5
th
 lumbar vertebrae, especially the articular 
surfaces, where there is excess bone formation around the joint.  
 
 It is unknown what caused the pathology, but the most likely cause is trauma, which has 
healed but produced subsequent arthritic changes to the joint. The effect in the living animal 
would have been to cause some reduced movement, stiffness and minimal lateral curvature at 
that point, as the bones appeared to have been fusing, if not already fused. 
 
b) 
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D.1.5 Bone: Flat pointed 
(Arrows 9 and 10; Rabbit 2) 
 
Pre-X-ray: 
The pre-experiment radiograph showed a probable neck fracture, close to the occiput, and a 
fractured mandible. 
 
Hits:  
Hits were recorded in the ribs on both sides of the rabbit, with two bouncing off upon impact. 
Hits were also recorded in the region of the sternum, and posterior ribs. 
 
Arrows and points: 
The bone points were mainly unscathed after firing, with negligible evidence of damage, but the 
shaft of arrow 9 broke midway along the shaft during the experiment. 
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Arrow strikes on the rabbit: Bone: Flat, pointed 
  
10 
9 
9 
Bone: Pointed, flat point 10. 
Rabbit 2: Right side 
Bone: Pointed, flat point 9. 
Rabbit 2: Left side 
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D.1.5.1 Fractures sustained by Rabbit 3 from the flat bone arrow points 
Post-X-ray: 
No obvious fractures were seen on the post-experiment radiograph, though the possibility of rib 
fractures could not be ruled out (Figure D.21). 
 
 
Figure D.21: No obvious fracture damage to the rabbit’s chest area.  
 
 Processing and skeletonisation of the rabbit revealed damage to both scapulae (Figure 
D.22), indicating that the arrow strikes to the rabbit were more anterior or dorsal than thought at 
the time of firing. 
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Figure D.22: Damage to left (top) and right (below) rabbit scapulae from pointed bone 
arrowheads. 
 
 The resultant damage comprised a hole though the blade of one scapula and a complete 
break though the proximal blade of the other, with a circular fracture indicating the original path 
of at least one arrow through that bone. Given that both scapulae sustained damage this may 
have been caused by a single arrow, with the tip causing the smaller hole, but as both arrows 9 
and 10 fell out it is possible that each one caused one injury. Unfortunately the arrow did not 
remain embedded in the rabbit in the scapular region, so it was not possible to determine which 
was the arrow that caused it.  
 Examination of the semi-processed rabbit carcase showed that several ribs were 
fractured. These included the 2
nd
 right rib, which had lost c.1cm off the ventral end, and the left 
11
th
 rib, which had broken c.2 cm from its articulation with the thoracic vertebra (Figure D.23), 
and was clearly shorter than those adjacent to it. 
 
   
Figure D.23: Fractured 2
nd
 and 11
th
 ribs (arrowed) at the left posterior part of the ribcage. This 
was broken by one of the flat bone points. 
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 A third rib was also found to have been broken (Figure D.24) in the ventral part of the 
thorax and represented the last ‘true’ rib. It had been truncated c.1.5 cm from its attachment to 
the sternum.  
 
        
 
Figure D.24: Rib fractured 
(arrowed) by a flat bone 
point, close to its attachment 
with the sternum. 
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D.2 Lithic points 
D.2.1 Lithic: Obliquely truncated microlith 
(Arrows 11, 12, 13 and 14; Rabbit 1) 
 
Pre-X-ray: 
This was a juvenile rabbit, with a fractured horizontal ramus on the right side of the mandible, 
and broken neck. 
 
Hits:  
Several hits were recorded in the ribcage area, with two hits hitting the ribs but failing to remain 
in situ. A puncture in the left side was identified during subsequent carcase processing, which 
may correspond to one of those hits. Arrow 11 also hit near the rabbit’s spine in the distal 
thoracic region. 
 
Arrows and points: 
Examination of the arrow point after the experiment showed that the tips were chipped off 
Arrows 11 (Figure D.25) and 14 during the experiment. 
 
  
Figure D.25: Before (left) and after (right). The tip of Arrow 11 (arrowed) has been chipped off. 
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Arrow strikes on the rabbit: Lithic: Obliquely truncated microlith 
  
12 
11 
Lithic - Microliths 
Rabbit No 1 
 
14 
13 
? 
Lithic: Obliquely truncated 
microlith points 13 and 14. 
Rabbit 1: Left side 
Lithic: Obliquely truncated 
microlith points 11 and 1C. 
Rabbit 1: Right side 
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Post-X-ray: 
This showed a fracture-dislocation of the thoraco-lumbar spine, with a resultant change to the 
spinal alignment, caused by Arrow 11 (Figure D.26). 
 
 
Figure D.26: Apparent fracture-dislocation through the distal thoracic spine (arrowed), caused 
by a direct hit. 
 
D.2.1.1 Fractures sustained by Rabbit 1 from the obliquely truncated microlith 
points 
Post-experiment processing of the rabbit confirmed that this was a juvenile animal, from the 
unfused long bone epiphyses, and enabled examination of the damaged thoraco-lumbar 
vertebrae that were shown as being fracture-dislocated on the post-experiment radiograph. 
Viewed separately it was possible to see the full extent of the damage to the bones, with a linear 
slice through the more anterior vertebra from the microlith (Figure D.27). 
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Figure D.27: Top: Anterior view of both damaged vertebra (main areas arrowed). Below: 
Supero-inferior view of the more anterior thoracic vertebra, which was more extensively 
damaged. 
 
 Examination of both damaged fracture-dislocated thoraco-lumbar vertebrae with them 
placed together (Figure D.28) gave a better idea of the arrow’s trajectory, showing that the 
animal had been hit on the left side. 
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Figure D.28: Contiguous vertebrae (arrowed) seen on the post-experiment radiograph (Figure 
D.26), that were fractured by an arrow strike. 
 
 It also became clear that several of the transverse and spinous processes had been 
broken off the vertebrae by the arrow impact, and microscopic examination of the fracture 
surface showed that there was often peeling back of the lamellae (Figure D.29).  
 
 
Figure D.29: Peeling back of bone lamellae by the arrow’s trajectory. 
 
 Other than the fractured vertebrae, relatively little bone damage had been sustained 
during the experiment, despite the noted arrow strikes to the chest area and what appeared to be 
puncturing of the chest muscles seen during carcase processing. No long bones were damaged, 
nor any fractured ribs found. The previously fractured mandible was found to be fragmented 
(Figure D.30), as was the skull.  
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Figure D.30: Fracture to the 
vertical ramus of Rabbit 1’s 
mandible, which occurred prior to 
the archery experiments. 
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D.2.2 Lithic: Leaf-shaped biface 
(Arrows 15, 16, 17 and 18; Rabbit 4) 
 
Pre-X-ray: 
Pre-experiment radiographs clearly showed that the rabbit had a broken neck with significant 
displacement, and there were traces of metal shot in the proximal region of its neck. 
 
Hits:  
A number of strikes were recorded in the rib and scapular area on both sides of the rabbit. A 
number of these bounced off from the target, though three ‘good’ hits were produced. Two of 
these landed in the ribs, while another penetrated the spinous process area of the thoracic spine. 
 
Arrows and points: 
A small flake was chipped of the biface plane of Arrow 16 during the experiment (Figure D.31). 
 
   
Figure D.31: Damaged point (right), with a small flake chipped off the biface plane. 
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Arrow strikes on the rabbit: Lithic: Leaf-shaped biface 
18 
18 17 
18 
17 
18 
Lithic: Leaf-shaped biface points 
17 and 18. Rabbit 4: Right side 
16 
16 
15 
16 
Lithic: Leaf-shaped biface points 
15 and 16. Rabbit 4: Left side 
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Post-X-ray: 
A number of ribs appeared fractured on the post-experiment radiograph (Figure D.32), though 
the varying intra-thoracic densities made them difficult to see clearly. 
 
 
Figure D.32: Post-experiment radiograph showing the pre-experiment fractured neck (arrowed 
left), and fractured ribs caused by the projectiles (short arrows on right). 
 
D.2.C.1 Fractures sustained by Rabbit 4 from the leaf-shaped biface points 
Post-experiment processing revealed a hole in the inferior aspect of the right scapula, between 
the scapular spine and the inferior border, which was caused by one of the flint leaf-shaped 
arrowheads (Figure D.33), probably arrow 17. In addition to the puncture hole the bone was 
fractured, with slight displacement of the inferior border. 
 
  
Figure D.33: Damage to 
the right scapula of Rabbit 
4 from one of the leaf-
shaped flint arrowheads. 
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 There were fractures to the humeral head (Figure D.34), vertebrae (Figure D.35), and 
ribs. A lot of arrows had hit the target, and so there was much damage and it was not possible to 
compare the amount of damage from each point, only the type and perhaps the severity of 
damage. 
 
Humerus: 
 
 
Figure D.34: Damaged humeral head, from the experiment. 
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Vertebrae: 
 
 
Figure D.35: The vertebral transverse processes sheared off by the arrow. 
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D.2.3 Lithic: Barbed-and-tanged 
 
(Arrows 19, 20, 21 and 22; Rabbit 8) 
 
Pre-X-ray: 
The skull appeared to have a depressed fracture in the frontal region, superior to the orbits. 
 
Hits:  
As with the previous lithic biface points a number of hits were recorded in the region of the ribs 
and scapulae on both sides of the rabbit. Again, a number of these bounced off from the target, 
though ‘good’ hits were recorded for these areas, as well as in the neck, though it may not have 
hit bone given its location. The final point fired penetrated the right humerus of the rabbit. 
 
Arrows and points: 
Damage was incurred by the tip of arrow 22 (Figure D.36), most likely the result of impacting 
against bone. 
 
  
Figure D.36: Flint barbed and tanged arrow point. The point sustained damage (arrowed) during 
shooting, most probably from impact with bone. 
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Arrow strikes on the rabbit: Lithic: Barbed and tanged 
 
20 
19 
20 
20 
19 
Barbed-and-tanged stone 
points 19 and 20. Rabbit 8: Left 
side 
21 21 
21 
22 
22 
22 
22 
Barbed-and-tanged stone 
points 21 and 2C. Rabbit 8: 
Right side 
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Post-X-ray: 
A number of fractures were evident on the radiographs, of which the most spectacular was a 
fracture to the right humerus (Figure D.37), which was caused by a direct hit of the limb from 
an arrow with a flint barbed and tanged point. The same point had been fired at the rabbit 
several times, as it had ricocheted off the ribs of the animal on several attempts before it 
impaled into the humerus, so it is not possible to say definitely whether the resultant damage to 
the point was caused during fracturing of that particular bone.  
 
 
Figure D.37: Fractured right humerus (arrowed), caused by a direct hit from an arrow with a flint 
barbed and tanged point. 
 
 A second major fracture was caused in the thoraco-lumbar region of the spine, where 
the barbed and tanged point transected the 1
st
 lumbar vertebra, causing fracture-dislocation at 
that point. Comparison between the pre- and post-shooting radiographs clearly show the trauma 
caused by the arrow (Figure D.38). 
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Figure D.38: Before (top) and after (below): Fracture of the 1
st
 lumbar vertebra (arrowed), 
truncated by the barbed and tangedarrowhead, causing fracture and displacement of the spine. 
 
D.2.3.1 Fractures sustained by Rabbit 8 from the barbed and tanged biface points 
A number of the rabbit’s bones were damaged by the barbed and tanged arrowheads during the 
experiment. These included several vertebrae and ribs, as well as a scapula, from which an 
acromion process had been broken off. 
 
Vertebrae 
Several vertebrae were damaged by the projectiles during the experiment, including those from 
the thoracic and lumbar areas of the spine; examples of which are shown below. One thoracic 
vertebra had pronounced damage from a projectile, which had truncated the right side of the 
neural arch (Figure D.39) leaving the left side intact. The undamaged side had enabled the 
vertebra to remain whole and the damage from the arrowhead could be clearly seen, and seemed 
to have impacted the bone from a posterior-oblique direction given the damage to the anterior, 
superior part of the spinal body. 
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Figure D.39: Right lateral, anterior and posterior views of a thoracic vertebra damaged by a 
projectile. The projectile has sliced through the right neural arch (arrowed). 
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 Other vertebrae also sustained damage, including one that had been sliced diagonally 
(Figures D.40 and D.41). As no knives or blades were used for processing after the experiment 
such damage was attributed to the barbed-and-tanged arrowheads used in this instance.  
 
     
     
 
Figure D.40: Rabbit vertebra 
damaged by a projectile. No 
knives or blades were used 
during processing, so damage 
was attributed to the barbed 
and tanged arrowheads used. 
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Figure D.41: Rabbit 
vertebra damaged by 
the tip of the flint 
barbed-and-tanged 
arrowhead.  
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APPENDIX E 
 
PRE- AND POST-PROJECTILE EXPERIMENT RADIOGRAPHS 
 
Left and right lateral radiographs were taken by the author, of each rabbit before and after being 
shot with the arrows, to identify fracture sites prior to being skeletonised. Included here are the 
right lateral images unless something noteworthy is demonstrated on the left lateral, in which 
case that lateral is included. 
 
 
The radiographs were all taken on a medical X-ray unit, with a 107cm F.F.D. (Film focal 
distance), and exposure factors of 8-9mAs and 80-90kV, according to the size of the rabbit, 
using plain digital radiography. 
 
 
All images have been post-processed to optimise viewing the bones of the thorax, cervical spine 
and upper forelimb as these are the areas most likely affected during hunting leporids, and 
consequently were the areas targeted by the archers during this experiment. It is acknowledged 
that such processing would be at the expense of optimally viewing other areas, such as the tail, 
phalanges, and residual soft tissues. 
APPENDIX E: Rabbit radiographs: Pre and post-experiment 
784 | P a g e  
E.1: Wood point: Blunt points (Rabbit 6) 
 
Pre-archery image: 
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Wood point: Blunted points (Rabbit 6) 
 
Post-archery image: 
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E.2: Wood point: Pointed, round points (Rabbit 5)  
 
Pre-archery image: 
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Wood point: Pointed, round points (Rabbit 5)  
 
Post-archery image: 
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E.3: Antler point: Pointed cylindrical points (Rabbit 3) 
 
Pre-archery image: 
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Antler point: Pointed cylindrical points (Rabbit 3)  
 
Post-archery image: 
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E.4: Antler point: Barbed (Rabbit 9) 
 
Pre-archery image: 
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Antler point: Barbed (Rabbit 9)  
  
Post-archery image: 
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E.5: Bone point: Pointed, flat (Rabbit 2) 
  
Pre-archery image: 
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Bone point: Pointed, flat (Rabbit 2)  
  
Post-archery image: 
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E.6: Lithic point: Obliquely truncated microlith (Rabbit 1)  
 
Pre-archery image: 
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Lithic point: Obliquely truncated microlith (Rabbit 1)  
 
Post-archery image: 
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E.7: Lithic point: Leaf-shaped (Rabbit 4) 
 
Pre-archery image: 
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Lithic point: Leaf-shaped (Rabbit 4)  
  
Post-archery image: 
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E.8: Lithic point: Barbed and tanged (Rabbit 8) 
 
Pre-archery image: 
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Lithic point: Barbed and tanged (Rabbit 8)  
 
Post-archery image: 
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E.9: Practice rabbit (Rabbit 7) 
This rabbit was not used for the fired archery experiments due to the previously fractured left 
humerus and residual metal shot traces, but was used for the thrust projectile experiment. 
 
Pre-archery image: 
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APPENDIX F 
 
PRE- AND POST-EXPERIMENT MICROSCOPIC PHOTOGRAPHS OF 
ARROW POINT TIPS 
 
This appendix consists of photographs taken of the projectile point tips before and after the 
rabbit experiment through a binocular microscope at x50 magnification. In each case, two views 
of each point were taken each time to enable comparison and identify changes or damage from 
impact. 
 
The following images of the points used for the archery experiments are presented in two 
columns. The left-hand column consists of images of the pre-archery points, while the right-
hand column illustrates the post-archery points. 
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F.1: Wood: Blunt points (Rabbit 6) 
                             Before use                                                      After use 
Arrow 1. 
 
 
Arrow 1. 
 
 
Arrow C. 
  
Arrow C. 
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F.2: Wood: Pointed, cylindrical points (Rabbit 5) 
 
Arrow 
3. 
  
Arrow 
3. 
  
Arrow  
4. 
  
Arrow 
4. 
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F.3: Antler: Pointed cylindrical points (Rabbit 3) 
 
Arrow 
5. 
  
Arrow 
5. 
 
 
Arrow 
6. 
  
Arrow 
6. 
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F.4: Antler: Barbed (Rabbit 9) 
 
Arrow 
7. 
  
Arrow 
7. 
  
Arrow 
8. 
 
 
Arrow 
8. 
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F.5: Bone: Pointed, flat (Rabbit 2) 
 
Arrow 
9. 
  
Arrow 
9. 
  
Arrow 
10. 
  
Arrow 
10. 
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F.6: Lithic: Obliquely truncated microlith (Rabbit 1) 
 
Arrow 
11. 
  
Arrow 
11. 
  
Arrow 
1C. 
  
Arrow 
1C. 
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Arrow 
13. 
  
Arrow 
13. 
  
Arrow 
14. 
  
Arrow 
14. 
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F.7: Lithic: Leaf-shaped (Rabbit 4) 
Arrow 
15. 
  
Arrow 
15. 
  
Arrow 
16. 
  
Arrow 
16. 
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Arrow 
17. 
  
Arrow 
17. 
  
Arrow 
18. 
  
Arrow 
18. 
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F.8: Lithic: Barbed and tanged (Rabbit 8) 
Arrow 
19. 
  
Arrow 
19. 
  
Arrow 
20. 
  
Arrow 
20. 
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Arrow 
21. 
 
 
Arrow 
21. 
 
 
Arrow 
2C. 
  
Arrow 
2C. 
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APPENDIX G 
 
A PUEBLO RABBIT HUNT 
 
Under the signature of "J.M.S.," a writer in the "New York Evening Post," July 20, I895, 
signing his letter from Albuquerque, N. N., gives the following account of a rabbit-hunt in New 
Mexico ('J.M.S.' 1895). 
 
"The Pueblo Indians of New Mexico have an annual rabbit-hunt, which is a great 
event with them. It takes place with the appearance of the new moon in September. 
A sacred dance precedes the hunt, for with the Pueblo Indian dancing is a form of 
worship as well as of amusement. "The ceremonies of the annual rabbit drive are 
conducted by the shaman (medicine-man) of the village. Under his direction 
prayer-plumes are planted around the village on the day preceding the hunt. These 
'prayers' are sticks, notched at one end, about a foot in length, with a tuft of 
feathers tied on with a corn shred. Only feathers of the brightest plumage are used, 
as those of the woodpecker, bluebird, or redbird. Black feathers are considered to 
bring bad luck. The feathers of a blackbird or of a raven are of ill omen, and if 
found in the possession of any one he would be taken from the village and beaten to 
death as a witch. These 'prayers' are planted at intervals of about fifty feet in every 
direction for about a mile from the village. The distributors of them are first 
sprinkled by the shaman with sacred corn-meal. The 'prayers ' are first planted to 
the east, and then to the north, south, and west; and the myriads of plumes seen on 
a plain give a picturesque appearance, something like a field of vari-colored 
flowers, or a garden in bloom. 
 In front of every Pueblo village, facing to the east, is a shrine - a four or 
five-foot stone structure, with two chambers. The shrine is topped with a smooth 
stone. Into these chambers and around the shrine are thrown the skulls and bones 
of rabbits killed at the hunt. At the next annual drive new bones are placed at the 
shrine. Each Indian engaging in the hunt is supposed to take from the shrine a 
charm in the shape of a bone of one of the rabbits, but in reality he has carved 
from stone a fetish resembling that part of the rabbit which strikes his fancy. This is 
supposed to give him luck in the drive. Bundles of prayer-plumesi, enclosed in 
sacred corn-husks, are placed in the shrine; and when the ceremonial of each 
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Indian hunter taking his peculiar charm has ended, the shrine is closed until the 
next annual drive. 
 Each hunter places his charm around his neck, and then they all repair to 
the estufa (church) for their worship dance. The Indian believes that this fetish 
gives him the cunning and swiftness that the rabbit possesses. After all have 
squatted upon the floor, the shaman gives to each a sacred cigarette, made of 
native tobacco, and rolled in corn-husk. All smoke in silence. This is supposed to 
blind the red eyes of the rabbit, so that his capture may be assured. When all have 
finished, the shaman grunts, and then pitches a tune in which all join. Strangely 
there are no tenor or soprano voices among the Pueblo Indians, and as every one 
sings in nearly the same strain, their music is discordant -if it may be classed as 
music. 
 About sundown, while the hunters are engaged in the preliminaries, the 
alguacil (high sheriff of the village) goes through the narrow and crooked streets 
shouting in a nasal tone that the hunt will take place the next morning; that the 
shaman will lead, that he has selected twenty braves for the hunt, mentioning their 
names, and that the rabbit-hunt dance will now begin - everybody must come. 
Whatever effect the cigarette smoking and the sacred singing may have had in 
paralyzing the rabbits is certainly dispelled by the discordant yells of this town 
crier. 
 About dark the squaws build a fire near the door of the estufa, and then 
return to their huts -women not being permitted to enter the sacred estufa, nor 
witness the ceremonies. The medicine-man furnishes the spark for the fire by 
briskly rubbing together two sticks. This is considered sacred fire; if furnished 
otherwise it would be a profanation, and, besides, they would not kill any rabbits. 
The Pueblos believe that the sacred fire rests in trees, and that it can be had only in 
this manner. 
 At a signal from the shaman, which is a grunt, all rise and form in line 
facing the east - the shaman at the head. He first sprinkles the floor with corn-
meal, and then the men file before him, each receiving a sprinkling. The line has 
now formed as a crescent, opening to the east. The dance begins with a song, 
which is supposed to have the effect of so charming the rabbits that they cannot 
hear the approach of the hunter on the morrow. The dance is a slow promenade in 
single file; with a hippety-hop step, and the chanting is equally monotonous. Two 
men in front carry concave gourds in their left hands, over which they draw a 
notched stick. Those who have heard the raspings of a Chinese fiddle can have 
some idea of this excruciating noise. The men are bare-footed and bare-legged, 
wearing only a patchwork of rabbit-skin around the body, reaching from the 
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shoulders to the knees and loins. The breast is bare, with the exception of a coat of 
red paint, describing the figures of rabbits. During the height of the music one of 
the dancers jumps into the middle of the room with a 'Ho ! Ho !' He imitates the 
jumping of a rabbit, and the manner in which that animal is to be killed the next 
day by the successful hunters. This is received with many grunts of approval. The 
dance lasts till after midnight, or ends with the endurance of the dancers. 
 The next morning at sunrise the hunters meet in the estufa, and after each 
has smoked a sacred cigarette, they mount their ponies and form a line facing to 
the east - the direction of the hunt. Each hunter has several weapons like 
boomerangs tied to his saddle by buckskin thongs. A grunt from the shaman, and 
they form into the shape of a crescent, opening at the east. Another grunt, and 
there is a race to the point designated -two, or three, or even ten miles distant. 
Over the broad mesas they charge, hurling their boomerangs with almost unerring 
aim at the fleeing rabbits; now dismounting to bag their game, and off again with 
the speed of the wind. They know the haunts of the animals, and divide into groups 
to surround the likely fields, some routing up the rabbits, while others topple them 
over with the boomerang. 
 The hunt ends about sundown, when the hunters return to the village, each 
carrying upon his pony the game that he has bagged, in a sack made of rabbit-
skins. Those who have not killed many have very little to say, as usual with unlucky 
huntsmen. As they approach the village, singing the song of the rabbit-hunt, fires 
are seen just without the gate and near the shrine and the chanting of women is 
heard. They have gathered to welcome the return of the hunters, and are reechoing 
the song of the rabbit-hunt. They meekly welcome the braves, and follow them to 
the cacique's house, all singing. Each hunter presents to the cacique a choice 
rabbit, - perhaps the largest of the catch,- and after serenading him they depart to 
their respective huts, and each prepares his own family feast. 
 So the annual rabbit-hunt is ended. The hunter eats the head of the rabbit 
he has killed. This is supposed to give him power to kill others. They roast the 
rabbits in adobe ovens, or stew them whole, with corn-meal, in earthen jars. It is 
considered bad luck to eat a rabbit when fried. 
 In the folk-lore of the Pueblo Indians is found a pretty legend of the rabbit-
hunt: There was a little maid who had no brother to hunt rabbits for her, and as 
her widowed mother was too decrepit, she thought she would try her own luck. 
When out one day the usual rain-storm blew up, and she took refuge in the hollow 
of a tree. While waiting for the storm to pass, a big demon, twenty feet high and 
about half that measure around the girth, came to the tree and invited her out to 
supper - that is, she was to be the supper. As he was about to crawl into the hollow 
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of the tree she threw to him her lunch, which he swallowed, basket and all. Then 
she handed out the few rabbits that she had killed, and he still cried for more. She 
stripped off her garments, and he swallowed these. He now found that he was so 
swollen that he could not enter the hollow. With his axe he began to enlarge the 
opening in the tree, and now the little maid began to cry and call for her mother. 
Three powerful spirits, who conveniently happened to be near, heard the noise of 
the demon's axe, and hurried to the spot. They conquered him in short order, held 
an autopsy on his frame, and returned to the maiden her clothing and rabbits. As 
she could not marry them all, she thanked them 'ever so much.' They escorted her 
safely home, and she told the story to her anxious mother, who weaved it into a 
song, and it has ever since lived in tradition, and been sung by the braves at each 
recurring annual rabbit-hunt." 
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APPENDIX H 
 
RABBIT CARCASE CHART  
Commercial production of rabbits for meat (Bartels 2006-2012), and what is commercially 
considered to be the ideal rabbit. 
 
Figure H.1: Rabbit carcase chart showing the ideal rabbit (Bartels 2006-2012). 
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APPENDIX I 
 
NATIVE NORTH AMERICAN SMALL ANIMALS STONE FETISH 
MEANINGS 
(Source: Sacred Bear Jewelry 2012 Fetishes. http://www.sacredbear.com/pages/Fetish-
Meanings.html 14/09/201C.) 
 
Armadillo 
Armadillo is the keeper of the home. He is slow-moving and sure and makes sure he gets things 
done correctly. Armadillo represents variety in one's inner life; he is thick-skinned and reserved 
 
Badger 
Associated with the South, the badger dominates the activities of husbandry and agriculture, 
relatively small but fierce and tenacious and has been known prevail over animals far larger; as 
such they can be counted on in tight situations to display boldness and perseverance. Badger 
represents passion and persistence. He will not give up until he has reached a desired goal. 
Living close to the ground, he has great knowledge of the earth 
 
Bat 
Bat is the guardian of the night 
 
Beaver 
Beaver is industrious and diligent. He represents achievement and hard work. Beaver promotes 
family unity 
 
Bobcat or Lynx or Wildcat 
Prey God of the South, elusive and intelligent, a solitary and independent hunter, believed to be 
helpful when hunting antelope because of a special predator/prey relationship. Bobcat is thought 
of as the older brother to wolf and the younger brother of mountain lion. Bobcat is the hunting 
animal of the South and is used by the Zuni when hunting antelope. Bobcat also represents 
clairvoyance and is a secret keeper. 
 
  
APPENDIX I: Native North American stone fetish meanings 
820 | P a g e  
Dog 
Dog represents a true friend and is very loyal. 
 
Coyote 
Hunter God of the West: the coyote is respected for his knowledge and survival skills if not for 
his actions, the master trickster who often tricks himself. He represents humour and the ability 
to laugh at one's own mistakes. 
 
Fox 
Fox is clever and observant. He has the ability to blend in with his surroundings and is very 
loyal to loved ones 
 
Frog 
Frogs are associated with water and rain. He asks the spirits to bring abundant rain. Frog is also 
the fertility fetish. Women often keep a frog fetish by their bed when hoping to become 
pregnant. Frogs and tadpoles represent the cycle of life. 
 
Mole 
Hunter God of the lower regions, protects crops from disease at their roots, destroys mice, rats 
and other small animals that threaten the harvest. He represents awareness and grounding and 
has the ability to look inward. 
 
Mouse 
Mouse is headstrong and represents longevity. 
 
Opossum 
The opossum is a strategist. 
 
Otter 
Otter is playful and represents laughter and curiosity. He represents the balanced female side. 
 
Porcupine 
Porcupine represents the power of faith and trust. 
 
Rabbit 
Rabbit represents gentleness, charm, and awareness of others. Rabbit is the special guardian of 
women in childbirth and is associated with safe childbirth and a long life for children. He also 
represents virtue and serenity. 
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Raccoon 
Raccoon is shy and resourceful. 
 
Skunk 
Skunk represents inner strength, self-respect, and a good reputation. 
 
Squirrel 
Squirrel represents the ability to plan ahead and is very industrious. He represents natural 
intelligence and the protector of reserves. 
 
Wolf 
Wolf is Guardian and Prey God of the East...because of its pack behaviour, the wolf spirit 
represents not just successful hunting, but also the ability to work together for the good of the 
group...these fetishes given to newlyweds, invoke in that couple the strong family bond 
exemplified in wolf pairs. Wolf represents loyalty and family values. A pair of wolves is often 
carved together, representing the wolf's characteristic of mating for life. Wolf is a teacher, 
pathfinder, and represents a sharing of knowledge. He teaches us inner guidance and clarity. 
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THE POSSIBLE USE OF FALCONRY IN EARLY PREHISTORY 
 
Somewhat more controversial than the use of dogs in early prehistory is the use of raptors such 
as falcons, hawks, or even owls, for hunting mammals or birds. This section of this chapter 
addresses the possible prehistoric use of raptors, which for the purpose of this thesis will be 
termed falconry, although technically falconry is the use of falcons for hunting, while hawking 
refers to the use of hawks, and anyone training short-winged hawks is termed an ‘austringer’ 
(Glasier 1986, 323).  
 Firstly, the evidence for the origins and historic use of falconry is examined, and then 
its modern practice, in order to provide an indication of the kinds of artefacts, osteological, or 
other types of evidence that could be associated with it. The issue of whether falconry might 
have been possible in prehistory is then considered; how it could be identified in the 
archaeological record, and existing evidence that could support this. 
 
J.1 Historical background 
“The origin of falconry, both geographically and chronologically, is still hidden in 
darkness, and it seems doubtful whether we shall ever discover the cradle of this 
ancient sport.” (Epstein 1943, 497). 
As the above quote suggests, it is unknown as to when and where falconry began, and who the 
earliest users of hawks and falcons were. It is equally unclear why falconry developed, whether 
it was originally purely related to food acquisition or obtaining furs, a means of killing predators 
such as wolves and so a defensive strategy, whether it was connected with religion or power, or 
merely a sport (Fox 2005). Most likely it was a combination of these factors. 
 It has been suggested that falconry originated in Persia, China or Central Asia (Glasier 
1986, 10), but empirical evidence to support this is lacking. It then purportedly spread westward 
to the Middle East through trade and contacts, then finally into Europe (Dobney 2001, 1). The 
19
th
 century Japanese writer Akizato Rito claims that falcons were given to Chinese princes 
from the Hia dynasty, which began c.2205 B.C., but there is no evidence to confirm these were 
for falconry, or even whether the practice existed at that time.  
 
APPENDIX J: The possible use of falconry in early prehistory 
824 | P a g e  
A bas-relief seemingly depicting a falconer was discovered by Sir Henry Layard in the ruins of 
Khorsabad (Mesopotamia) during the 19
th
 century, which was supposed to date from c.1700B.C. 
(Glasier 1986, 10) (Figure J.1). Another from the same site seemingly depicted an archer and 
falconer (Figure J.2) (Collon 1983). 
 
 
 
Figure J.1: a) Serpentine Akkadian cylinder seal from Khorsabad, interpreted as depicting a 
falconer. B) Detail of the falconer holding a hawk on his right wrist, the side used by Eastern 
falconers (Collon 1983, Plates XVIIa and b (Photo of detail: James Hendry)). 
 
 Several carvings from Turkey have also been found, which date to around 1500 B.C. 
These portray a human figure with a large bird on the fist, and holding a hare by the hind legs 
(Dobney 2001, 1), and coins have been found which seemingly depict falconry (Figure J.3). A 
bas-relief depicting a small raptor on the wrist of a man has also been recovered from northern 
Iraq. It apparently shows ‘jesses’ (leather straps) tied to the bird’s feet and passing between the 
thumb and forefinger of the falconer. Dated to the reign of King Sargon II (722-705 B.C.) this 
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may indicate that the practice was established by the 8
th
 century BC in the Middle East, though 
some have interpreted the figures as depicting religious or symbolic scenes (Dobney 2001, 1). 
 
 
Figure J.2: A falconer and archer hunting, on an Assyrian bas-relief from Khorsabad (Collon 
1983, Plate XVIIc). 
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 With regard to documentary evidence, the works of Greek writers Ctesias and Aelian 
indicate that falconry was practised in Central Asia c.400 B.C., though was not apparently 
known in Persia. Aristotle and Pliny also mention using hobbies (Falco subbuteo) for trapping 
or ‘daring’ larks, though the species are considered unsuitable for falconry as they are usually 
mainly insectivorous, although they are recorded as being used in the Middle Ages. In this 
instance the hobbies flying overhead would scare larks and other small birds onto the ground, 
where they would be caught with nets, rather than the falcons catching the birds themselves. 
Some of the ‘spoils’ would then be given to the hobbies as a reward (Glasier 1986, 10;30). 
 The earliest recorded evidence of ‘real’ falconry seems to come from Japan. In A.D.244 
goshawks were introduced there from China during the reign of Empress Jingu, though the sport 
was seemingly abandoned about a century later. It was not until c.A.D.355 during the reign of 
Emperor Nintoku that falconry finally caught on as a sport after a goshawk was given to him. 
The bird was trained by a Korean at his court who apparently had experience of falconry, he 
fitted it with jesses and bell and used it to catch pheasants. It was 200 years before dogs were 
trained to hunt along with hawks there (Glasier 1986, 11-12). Having spread westward to the 
Middle East through trade and contacts (Dobney 2001), falconry was seemingly finally 
introduced into Europe in the 3
rd
 and 4
th
 centuries (Cherryson 2002, 307), with one of the 
earliest depictions found being a mosaic at the Roman Villa of the Falconer at Argos (Greece) 
c.A.D.500 (Glasier 1986, 49) (Figure J.4.). 
Figure J.3: Greek? coin seemingly 
showing falconry (Wingmasters). 
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 Falconry became increasingly popular through medieval times, and is often relatively 
well-documented using textual and pictorial evidence, such as seen on the Bayeux Tapestry, 
which depicts Normans with their falcons (Figure J.5). There were strict rules and regulations 
about falconry in the medieval period, and it was considered a high-status activity with falcons 
and hawks often highly prized. ‘The Boke of St. Albans’ written in 1486, seemingly listed 
which raptors were appropriate to a person’s rank and social standing (Table J.1), perhaps 
serving to emphasise the increasing social division within society. 
 
 
Figure J.5: Scene from the Bayeux tapestry depicting William and Harold hawking during 
Harold's visit to Normandie {wikipedia - http://en.wikipedia.org/wiki/Image:Bayeux_hawking.jpg} 
Figure J.4: A mosaic at 
the Roman Villa of the 
Falconer at Argos 
(Greece), showing 
falconry being practised 
(Glasier 1986, Fig.1). 
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Table J.1: Social Rank & Appropriate Bird As Delineated In The Boke Of St. Albans (1486): 
Rank Falcon 
 Emperor Golden Eagle, Vulture, & Merlin 
 King Gyrfalcon (male & female) 
 Prince Female Peregrine 
 Duke Rock Falcon (subspecies of the  Peregrine) 
 Earl Peregrine 
 Baron Male peregrine 
 Knight Saker 
 Squire Lanner Falcon 
 Lady Female Merlin 
 Yeoman Goshawk or Hobby 
 Priest Female Sparrowhawk 
 Holywater clerk Male Sparrowhawk 
 Knaves, Servants, Children Old World Kestrel 
 
J.2 Modern falconry 
When considering whether earlier prehistoric peoples could have engaged in falconry it is first 
essential to gain an understanding of what would be involved, and the potential archaeological 
evidence. The term ‘falconry’ is actually misleading as the modern practice includes both 
hunting with falcons (‘short wings’) and hawks (‘long wings’), as well as with ’broad wings’, 
namely other species of birds of prey, including owls such as eagle owls and snowy owls, and 
vultures. However, vultures are predominantly scavengers so are mainly used for falconry 
displays rather than for hunting. The Oxford English Dictionary’s (2008) definition gives a 
better indication, describing falconry as “…the branch of knowledge concerned with the sport of 
hawking, and the breeding and training of hawks, or the practice of hawking…”, while raptors 
are defined as “…birds of prey, including eagles, hawks, buzzards, owls, falcons and 
vultures…”  
 Falconry is practised today, but remains a specialist pastime with its own unique 
vocabulary, as found from the author’s own experience. This has descended from its use in the 
past; indeed many words in common usage today have their origins in the practice. For 
example, ‘cadging a lift’ comes from the ‘cadge’, a device used to carry several birds of prey; 
and buildings known as ‘mews’ were originally used to house birds of prey. The term ‘mew’ 
means to moult, and as birds regularly lose their primary feathers during the summer months, 
they would be housed during this time, both to protect the birds’ plumage from further damage, 
and also to gather the sequentially moulted feathers, which can be used to replace the respective 
primary feathers damaged during the hunting season (termed ‘imping’). Unlike in medieval 
times, no social constraints as to who may fly which type of bird exists in modern falconry, 
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although some (like eagles) require more experience, and it can be expensive obtaining certain 
species of falcon (such as peregrines), though hawks such as buzzards are cheaper to obtain. 
Most raptor species are hunted or flown individually as they tend to attack each other, but 
certain species can be flown together or hunted in groups, such as Harris hawks, which as such 
are often considered as being like the ‘dogs’ of the hawk world. 
 An indication of falconry processes and material culture employed are now outlined. 
The first stage is to obtain a bird of prey. In former times raptors would have often been 
obtained from the wild by simply removing young birds (‘eyasses’) from the nest or as older 
birds (‘passagers’ or ‘haggards’), but this practice was banned under the 1980 Wildlife and 
Countryside Act, except under special licence, due to certain species (such as peregrine falcons) 
becoming endangered. Nowadays there is a healthy programme of captive breeding, although it 
is a specialised area as hand-reared birds can be dangerous to falconers. After acquisition the 
birds are fitted with the necessary equipment or ‘furniture’ associated with falconry. For most 
species this comprises ‘jesses’ and bells, and hoods may be used for falcons. Jesses come in 
several types. The simplest are traditional jesses, which comprise single strips of leather that 
attach directly to the birds’ legs (Figure J.6). These have the disadvantage that as they are made 
from a single piece to prevent them coming off easily, but are also quite long, so if a bird 
escapes when wearing them it could get caught up (Ash 2004). 
 
 
Figure J.6: Traditional jesses used in falconry (Ash 2004). 
 
 An alternative are aylmeri jesses, developed by Guy Aylmeri in the early 1900s, where 
the ‘anklets’ (or ‘bracelets’) are separate from the jesses. The anklets may be made from wide or 
narrow leather, with a hole or grommet punched into them. The jesses then thread through the 
anklets (Figure J.7), and are then both attached to a swivel (Figure J.8), then ultimately to a rope 
or line (Figure J.9) (Ash 2004). 
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Figure J.7: Aylmeri anklets (a) and jesses (b), shown without the bird (Ash 2004). 
 
 
 
Figure J.8: Jesses attached to the swivel. One of the jesses would be attached to each of the 
bird’s legs, and a line or cord would attach to the swivel (Ash 2004). 
 
a) 
b) 
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Figure J.9: Aylmeri anklets and cord jesses, shown in use (Ash 2004, Photo: Johann Hanekom). 
 
 Bells are often fitted to birds of prey when used for falconry, to help the falconer locate 
the bird when out flying or hunting. Most bells are attached to the birds’ legs, using leather 
straps called ‘bewits’, though they may also be attached to the tail or around the bird’s neck. 
Falconry bells often differ from other similar sized bells in that many do not contain a slit, 
which could catch a bird's beak or talon (Ash 2004). In modern birds telemetry devices are often 
attached to locate lost birds (Figure J.10). 
 
 
Figure J.10: Left) Bells mounted on bewits attached around the legs of a raptor, and (Right) in 
the tail, along with a telemetry device (Ash 2004). 
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 Falcons may also be provided with ‘hoods’ (also known as ‘hoodwinks’), which are 
only worn when the bird is taken out to be flown and are intended to keep it calm. These come 
in a variety of styles (Figure J.11).  
     
Figure J.11: Left) Eagle with hood. Right) Falcon wearing a hood (Alamy Ltd. 2006). 
 
 In addition to the furniture used on the bird, the most important item is a gauntlet made 
of leather, designed to protect the forearm, wrist and hand from the birds’ sharp talons. This is 
usually like a glove but in some places a fingerless cuff is used in place of a gauntlet. For 
example in the Middle East a ‘mangalah’ is used (Figure J.12), while in China a yellow cuff is 
used by the Emperor, while everyone else uses a white one (Gates 2002). In addition, falconers’ 
may also carry other items, such as a bag to carry a lure, and the prey, as well as a knife. 
 
 
Figure J.12: Middle Eastern ‘mangalah’ for carrying falcons (Ash 2004). 
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 Perches are also used for the birds to stand on when not being flown. These come in a 
variety of shapes, styles and sizes, and include the block, ring, screen, and bow perches, and T-
perch (Figure J.13) (Ash 2004). 
 
     
Figure J.13: Different types of falconry perches. Left: Block perch Right: bow perch (Ash 2004). 
 
Training: 
The bird then undergoes training, which comprises four main stages. First it is ‘manned’ to 
make it tame and used to people, and teach it sit on a gloved wrist (Glasier 1986, 48). Modern 
birds are exposed to stimuli such as crowds, cars, and animals by being walked around on the 
falconer’s wrist. The second stage is to train the bird to return to the falconer when called. This 
is done by initially attaching a long line called a creance to the jesses, and the bird placed a 
short distance away from the falconer. The bird is encouraged to return to the glove by offering 
food; usually raw meat, such as dead day-old male chicks. The distance at which the bird is 
placed is gradually increased over a number of days until it reaches the stage when it can be 
reliably released to fly free from the line and return when called. The third stage is to get the 
bird fit to fly longer distances, and the last stage is training the bird to hunt (Glasier 1986, 49). 
 In terms of hunting, falconry relies on several basic concepts; though putting these into 
practise is not always simple. The first is persuading birds to associate the falconer with food; 
the second is getting the birds hungry enough to want to eat, and so will hunt when required. 
Birds are weighed daily and gradually over a period of days their weight is reduced to establish 
their ‘flying weight’, that is the point at which they are hungry enough to go and hunt for food. 
With hawks such as buzzards there is a wide margin for error, but for smaller raptors like 
peregrines this margin is narrow, and error could easily result in an ill or dead bird. 
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J.3 Ethnographic evidence 
Falconry also continues to be practised throughout the world in different countries, though 
sometimes using different raptors to those usually flown in Britain according to the local 
indigenous species. For example, there is a long history of falcons and hawks being flown in the 
desert by Arabs, both as a means of hunting to provide food, and as a status symbol (Figure 
J.14). The most commonly used birds are peregrine falcons, which are the fastest animals alive, 
reaching speeds of over 200 kilometres an hour, but the most highly prized are Saker falcons, 
which are traditionally flown against the somewhat larger houbara bustard (Lockerbie 2005-
2008). 
 
 
Figure J.14: An Arab hunting in the desert on his Arabian horse, with the falcon on his wrist and 
saluki dog (Lockerbie 2005-2008). 
 
 The practice of flying steppe eagles for hunting and sport is also a longstanding 
tradition that still continues in Kazakhstan, Kyrgyzstan and Mongolia, where the birds are flown 
from horseback by Kazakh and Kirghiz horsemen (Figure J.15). Berkuts (burkut in Russian) or 
Himalayan golden eagles that inhabit the Steppes are the raptors usually flown, and are used to 
hunt animals such as foxes and hare. The practice is very much part of the culture, and recently 
festivals were introduced to celebrate the use of the birds, with the winners of these highly 
regarded (Gates 2002).  
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Figure J.15: Group of falconers with their berkut eagles and caught fox at a festival on the 
steppes (Gates 2002). 
 
J.4 Archaeological evidence for falconry 
J.4.1 The rationale for the practice 
The traditional view that falconry originated in Asia has recently been questioned by Dobney 
(2001, 1), who suggests that it may have existed in the Middle East between c.8,000 and 10,000 
BC, based on the large numbers of raptor bones that have been recovered from various sites in 
Syria, Jordan, Iran, Iraq, and Israel. While birds of prey have previously been interpreted as 
being introduced onto sites as either a food resource or for religious activities, he suggests they 
may represent the earliest evidence of bird management or training, and the start of falconry. 
 In support of this, examination of other mammal bones from sites in these areas indicate 
a change of economic focus around 12,000 to 10,000 years ago, a period when various authors 
have identified a ‘Broad Spectrum Revolution’ (see 7.1.1), with an increased number of smaller 
prey, such as fox, hare, and game-birds like francolin and partridge, being exploited compared 
to the earlier Palaeolithic when more larger species were seemingly targeted. Although the 
techniques they used may have varied and probably included trapping, netting and even 
poisoning, it is possible that they were also starting to employ falconry, and raptor bones were 
certainly found in the same deposits as bones from smaller mammals and game-birds (Dobney 
2001, 2).  It may be no coincidence that it was the latter part of this period that saw the 
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emergence of fired projectiles, and the use of other species to facilitate hunting may have served 
to improve prey returns at a time when resources seem stretched. 
 There are arguments for and against the possibility that this practice was carried out 
much earlier than is generally acknowledged. The actual practice of falconry is seen by some as 
being ‘…a technically skilled method for a primitive society. To catch, train, feed and hunt with 
a raptor is far more sophisticated than using a bow and arrow, or spear or a hunting dog…’ (Fox 
2005), implying that such a practice was perhaps beyond the capability of prehistoric societies, 
particularly earlier ones. Falconry is undoubtedly a complex practice demanding specialised 
skills, but there are certain factors that require consideration. Firstly, anatomically modern 
humans seemingly had a brain capacity comparable to ours (Klein 1995, 190), and their ability 
to manufacture technically complex stone tools requiring a certain level of cognitive thought is 
perhaps testament to the fact that they were capable of complex thought processes and actions. 
The above statement also suggests a relative chronology for the domestication of raptors and 
dogs. Current archaeological evidence suggests that dogs were the earliest of species to be 
domesticated, and it is possible that early hominins saw the symbiotic potential of domesticating 
hunting animals before those utilized as prey (Outram In preparation), so raptors would have 
been an obvious choice for subsequent ‘domestication’, or at least utilisation. Furthermore, 
these peoples would have been far more in tune with nature than most people are today. They 
would have seen wild birds hunting and noted the ease with which they caught small, and in 
some cases larger, prey. From there it would be a logical step to attempt to harness these 
animals for their own use, using a process of trial and error to obtain a bird and teach it to 
associate humans with food, and ultimately use it for hunting. So Dobney’s (2001) suggestion is 
not far-fetched; indeed such exploitation may have begun even earlier than his proposed dates. 
 However, one factor that makes Dobney question the possibility that falconry was 
practised was that most of the birds recovered from the Near Eastern sites he investigated were 
larger species, such as buzzards, eagles, vultures, and eagle owls, while falcons are far less 
common. But, as mentioned previously, modern falconry relies on two simple principles. 
Firstly, that the bird learns to associate its human handler with food provision, which would be 
relatively easily achieved once the bird was caught. The second principle is that the bird needs 
to be hungry enough to want to hunt. Unlike dogs they do not hunt for fun; hunting is 
potentially dangerous to them (especially if the prey is a carnivore) and expends a lot of energy. 
To achieve this, modern practice involves determining a bird’s optimal flying weight. The bird 
is weighed daily and the amount of food fed is measured and carefully increased or decreased 
each day over a number of days until the bird reaches what the falconer considers is its optimal 
flying weight. This is the point when the bird is both hungry enough to want to hunt, yet fit and 
healthy enough to be able to do it well. If the weight is too high the bird is not adequately 
hungry and so less likely to hunt, if the weight is too low and the bird too hungry it could be 
weak, making hunting unsuccessful and even possibly compromising the bird’s health. But 
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there is a greater margin for error in larger species than in smaller species, when drastic error 
could result in the death of the bird from underfeeding or starvation. Consequently, it is often 
easier to learn to fly a larger raptor than a smaller one because of this error margin, although this 
does vary between species. Although prehistoric falconers may not have had weights it is likely 
that they used similar principles, so it is plausible that anyone involved in early falconry would 
have opted to use larger raptor species than smaller ones. Furthermore, the simple leather 
‘furniture’ required would have been easy to make, assuming that the birds were fitted and 
flown with jesses or that something similar was used.  
Identifying falconry archaeologically, and proving the hypothesis that falconry was developed 
far earlier than previously thought is difficult, though several possible approaches could be 
applied. It is possible that the presence of numerous raptor bones on a site could indicate the 
possible use of them for falconry. Such part abundances may be seen at sites such as those 
identified by Dobney (2002) in the Middle East. Other methods for identifying falconry could 
include material culture and osteological evidence, as discussed below. 
 
J.4.2 Material culture evidence 
Identifying falconry from surviving material culture is undoubtedly difficult. As can be seen 
from examination of the paraphernalia associated with modern falconry shows that most are 
made from organic materials, such as leather and wood, though a few metal fittings, such as 
swivels and bells, are sometimes used. Prehistoric falconry, if it had existed, may have 
employed different practices, differently shaped artefacts, but any items made of leather are 
highly unlikely to survive archaeologically except in exceptional preservation conditions. 
Furthermore, the shape of leather jesses means that, even if found, are similar to a number of 
other items and it would be difficult to distinguish them from other strap-like artefacts, and hard 
to prove their association with falconry.  
 Fittings made of metal would not have existed for most of prehistory, and even if they 
were used in the later periods there are issues with survival of metal artefacts. It is equally 
possible even in later prehistory that the material was too precious to be used for such items, 
though this would depend on the status of falconry or the falconer. In some places falconers use 
a white feather fitted into the bird’s tail to help locate it visually, and these may have been 
employed, but are also unlikely to survive archaeologically. As has been shown, in the historic 
period falconry was almost always deemed a high-status activity with much value placed on 
certain raptor species, and similar importance may have been placed on any such practice and 
birds in prehistory.  
 It is possible that the so-called ‘bracers’ of Bronze Age archers, such as described by 
Fokkens et al (2007) were sometimes used for falconry, covered with fabric or leather and 
attached to leather strips, and serving the same purpose as modern falconry gauntlets, but this is 
purely speculative and there is currently no proof for this. While most raptors have sharp beaks, 
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which they use to sever the spinal cord in the neck of their prey, it is their talons that do the 
most damage; indeed they are the parts of the birds used for catching their quarry. Being as 
sharp as they are it would necessitate any prehistoric falconer protecting his or her wrist and 
provide a means of transporting the bird. 
 
J.4.3 Osteological evidence 
Palaeolithic:  
It may be optimistic to suggest that early prehistoric people were engaged in falconry, but 
evidence implies that the brains of earlier anatomically modern humans were of comparable size 
to ours from at least 50,000-40,000 years ago with potentially the same cognitive ability (Klein 
1995, 190). Furthermore, given their way of life and increased proximity to nature they would 
have seen various raptor species hunting mammals and birds. There is a tendency to 
underestimate the potential ability of Stone Age people, but recent research has clearly indicated 
the advanced and intricate cognitive skills required to produce stone tools. If they have such 
ability, then using birds for falconry is not beyond their capability. 
 The species of bird utilised would have depended upon which lived in the local 
environment; in tundra conditions the most common would have been the snowy owl, and it 
may be no accident that at sites like Gazel Cave, France (Mourer-Chauviré 1983) both snowy 
owls and snow ptarmigan were abundant in the faunal remains. While both species may have 
been hunted for their meat or pelts it is possible that they were coincident in the same deposits 
because one was used to hunt the other. Modern falconers describe snowy owls as being more 
difficult to deal with than many species of raptor, and require open spaces for hunting. But there 
is evidence for these birds catching a range of species including Arctic fox, which would 
undoubtedly have been sought after in colder times given the superior insulating qualities of 
their pelts. So it would be interesting to determine whether any raptor bones were present on 
other excavated Palaeolithic sites, particularly those with an abundance of smaller mammals 
like hares or marmots. These species would easily have been caught using hunting birds; a 
process facilitated further by the use of dogs to flush out prey. 
 
Neolithic: 
The presence of raptor bones in Neolithic/Bronze Age burials in Britain may possibly be related 
to falconry. In most cases the bird bones are from larger hawks, such as buzzards, and are only 
included in male burials, though eagle talons are more often found, and have been interpreted as 
having religious significance, particularly with respect to death and a transition to ‘another 
world’. For example, Mid Howe (Rousay) stalled cairn contained human remains and bones of 
eagle, buzzard and falcon, along with domestic species and seabirds, namely cormorant, gannet 
and guillemot. Buzzard and goshawk remains were also found in Quanterness chambered tomb, 
along with remains of numerous other birds, so it is thought that visitors left sacrifices of song-
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birds and mutton (Castleden 1992, 318; 321). As most date from the earlier Neolithic this raises 
questions regarding the transition to farming, and the role these birds had. For example, 
excavation of the Neolithic cairn at Isbister uncovered almost 641 sea-eagle bones, representing 
at least eight birds, earning the site its nickname of ‘The Tomb of the Eagles’. The eagles had 
died between 2450 BC and 2050 BC. Radiocarbon dates from the eagle bones suggest that the 
birds were not deposited by the original builders, but were only placed in the cairn up to 1,000 
years after its construction (Hedges 1984). Opinion still varies as to whether these represent 
natural deposits, with the birds finding their own way into the tomb, or deliberate deposition.  
 Raptor remains have also been recovered from other Neolithic/Bronze Age sites. The 
partial skeletons of a white-tailed sea eagle and dog were recovered during excavation from the 
south ditch of Coneybury Henge (Richards 1991, 91). The inclusion of such remains is 
interpreted as being deliberate ‘ritual deposition’, a common practice in Neolithic Britain. But 
what has never been questioned is why these particular species were selected at the expense of 
all the others that were present? One factor setting them apart from all other animals in 
Neolithic Britain is that they were both potentially used for hunting. Their deposition could have 
occurred at a seminal point in British prehistory, when the predominant economy was changing 
from hunting-fishing-gathering to farming. Perhaps these represent a ‘ritual ending’ of 
widespread hunting using birds and dogs, or conversely represent a reiteration of its status at a 
time when farming was increasing. 
 
J.4.4 Burial evidence 
The recovery of birds of prey associated with male human remains within Neolithic inhumation 
burials is open to a range of interpretations, such as their being representative of symbolic or 
totemic beliefs, or related to the status of the individual when alive. They undoubtedly would 
have had socio-cultural connotations; perhaps they were included as a mark of respect, or either 
meant as food for the journey into the ‘next world’ or intended for use there, or were considered 
precious items and simply gifts from a living friend or relative. An alternative, perhaps more 
plausible, interpretation is that the raptor/human combination may be taken as being suggestive 
of a bond between the two when living, and while one possible scenario is that of man and pet, 
given the independent nature of most raptors an alternative reason could have been the 
utilisation of the bird for hunting, whether for food, recreation, or sport. 
 
J.4.5 Fracture patterns 
Previous research by this author (Howard 2007) examined the location and type of fractures 
occurring on bird bones, as a potential means of differentiating between bird remains deposited 
by cultural exploitation or natural processes. One aspect of this research comprised examining 
over 200 radiographs of living and dead birds that had broken limb bones while alive, and 
derived from two zoological gardens and two veterinary hospitals. The aim was to determine 
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whether any ‘typical’ trauma fracture patterns occurred in wild birds, with the intention of 
identifying ‘atypical’ fractures produced by humans or other agency. Actualistic experiments 
were also conducted to determine the type of bone breakage that could occur from human 
domestic use.  
 The results showed that spiral, midshaft fractures were most typical of ‘natural’ trauma-
induced damage, while bones with transverse fractures were very uncommon and longitudinal 
fractures rare (Table J.2). The transverse fractures there were tended to have very irregular ends, 
so bones with very straight breaks are more likely to have been caused by deliberate cutting. It 
also demonstrated that while breaks can occur in any bone (and fractures were also seen in the 
mandible, pelvis and phalanges), fracture patterns varied between captive and wild birds. 
Fractures in wild birds most often occurred in the upper limb, particularly the humerus, while 
captive birds suffered more fractures in the lower limb, especially the tibiotarsus (Table J.3) 
(Howard 2007, 74). So while atypical fracture patterns cannot be treated as an absolute stand-
alone means of identifying human exploitation, the position of certain fracture types and their 
likely occurrence on certain bones can sway the balance of probability. 
 
Table J.2: Fracture type and site (Howard 2007) (Some data was not available for all 
fracture types and sites): 
Fracture site No. 
 
Fracture type No. 
Proximal 1 Transverse 2 
Proximal-Midshaft 4 Oblique 9 
Midshaft 29 Spiral / Helical 40 
Distal-Midshaft 4 Comminuted 1 
Distal-Midshaft 9 Indeterminate 1 
Total: 57 Total: 53 
 
Table J.3: Falconiformes (Hawks and falcons) fracture data (Howard 2007): 
 Birds   
 Wild Captive  Total 
Bone fractured:  Upper limb 
Humerus 11 3  14 
Ulna 14 1  15 
Radius 4 2  6 
Carpometacarpus     
Total 29 6  35 
     
Bone fractured:  Lower limb 
Femur 4 5  9 
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Tibiotarsus 4 7  11 
Tarsometatarsus  1  1 
Total 8 13  21 
Overall total 37 19  56 
 
 These results clearly show that there is a tendency for wild raptors to fracture their 
upper limbs (Figure J.16), particularly the ulna, and for captive Falconiformes to suffer fractures 
of their lower limbs, especially the tibiotarsus (Howard 2007). Is it possible to link this to the 
method of captivity or restraint, whether the bird was wearing jesses for falconry, or caged in 
the later period from the bone remains? Certainly many of the raptors imaged in the radiographs 
were used for falconry (Figure J.17), and the position of such leather strips around the legs 
could predispose the bones to fracture at this point if subjected to excessive physical stress. 
 
 
 
Figure J.16: Fractured 
radius and ulna in a wild 
barn owl (Howard 2007, 
radiograph by Great 
Western Referrals). 
Fracture sites, through 
both the radius and ulna 
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Figure J.17: Midshaft fracture in the tibiotarsus of a captive raptor (Howard 2007, radiograph by 
Great Western Referrals). 
 
 Sadly, the method would not be infallible, as captive raptors could break upper limbs 
while hunting and wild raptors also fracture their lower limb bones, but within an archaeological 
context such injuries could suggest an increased likelihood of human intervention and even 
utilisation. 
 
Fracture site 
Fracture site 
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GLOSSARY 
 
 
Anasazi  
The Anasazi is the name given to the prehistoric agricultural group who occupied the Colorado 
Plateau in the American southwest from 600 AD to historic times. The word 'Anaasází’, or the 
anglicised version of  ‘Anasazi’, is a Navajo-derived term for prehistoric Pueblo Indians 
variously translated as ‘enemy ancestors’, ‘alien ancestors’ (Walters and Rogers 2001, 324), ‘old 
people’, and ‘ancient non-Navajos’ it is often considered offensive by contemporary Pueblo 
groups, given that it refers to their ancestors, who prefer the term ‘Ancient Puebloans’. Mesa 
Verde and Chaco Canyon are two of the most spectacular Anasazi sites (Kantner 2004, 9). 
 
Ancestral Pueblo 
The ancestors of modern Pueblo Indians 
 
Ancient Puebloans 
Ancestors of the modern Pueblo people, which included Mogollon, Anasazi and even perhaps 
some Hohokam (Kantner 2004, 10). 
 
Archaic 
Prehistoric period in North America, divided into Early, Middle and Late Archaic periods, 
which began c.6,000 and ended c.1,000 B.C.E. with the advent of corn into the region (Charles 
2006, 10-12). 
 
Avulsion 
Bone damage or fracture caused accidentally in life by trauma, or deliberately post-mortem, as 
the result of tearing muscle tendons from a bone. 
 
Chaco  
North American culture found in the Southwest ‘Four Corners’ area. It takes its name from the 
site of Chaco Canyon (New Mexico), which contained ‘Great Houses’ and ‘Great Kivas’, and 
thought to have been used for ceremonial purposes by local Pueblo communities living in the 
area. 
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Four Corners 
The area of south-western North America where the states of Utah, Arizona, Colorado and New 
Mexico meet. 
 
Kiva 
‘Kiva’ is a Hopi word for the underground ceremonial chambers used by the Pueblo Indians, 
and generally meant ‘underground room’ or ‘basement’. They comprised circular subterranean 
structures used for ceremonial purposes, though they were also used for more mundane 
purposes in the earlier Pueblo phases (Smith 1990, 55). Kivas were a basic criterion of Anasazi 
culture, and were restricted to that area (Smith 1990, 59). 
 
Lagomorph 
A member of the mammalian order Lagomorpha, characterised by long ears and limbs, and short 
tail. They include rabbit, hare, and pika. 
 
Leporid 
These are rabbits, hares, and pikas that form the mammalian family of Leporidae, which form 
part of the mammalian order of Lagomorpha. There are thought to be around 50 species of rabbits 
and hares. 
 
Mesa Verde region (Colorado) chronology 
Palaeoindian: Characterised by Clovis and Folsom technology, they inhabited the area c.11,500  
 to 11,000 years ago (Charles 2006, 9). 
Archaic: This began c.6,000 and marked by the use of atlatls. It ended c.1,000 B.C.E. with the  
advent of corn into the region. The period is divided into Early, Middle and Late  
(Charles 2006, 10-12). 
Basketmaker I: Now incorporated into the Archaic period (Charles 2006, 13). 
Basketmaker II: Agricultural, non-pottery phase, lasting from c.1,000 B.C.E. to 500C.E. 
Basketmaker III: This lasted from 500-750 C.E. (Wilshusen 2006, 19). 
Pueblo I: 750-900 C.E. The period was marked by the appearance of the first pueblos, and  
above-ground rooms (Wilshusen 2006, 23). 
Pueblo II: 900-1150 C.E. The Chaco-style monumental ‘great houses’ appeared between 1075- 
1135 during this period (Noble 2006, x). 
 
Mimbres 
Area of south-western New Mexico (Kantner 2004, 13), renowned for its figurative and 
decorated pottery. 
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Palaeoindian 
Prehistoric North Americans, who inhabited the Mesa Verde area c.11,500 to 11,000 years ago 
(Charles 2006, 9). 
 
Pika 
Close relative of rabbits and hares, which are smaller, with shorter, smaller ears. 
 
Pithouse 
This was the usual type of early housing that was employed in south-west North America for 
centuries, and used until the end of the Basketmaker III period. They comprised fairly shallow, 
large pits that were covered with brushwood and then earth, supported by a wooden framework 
(Wilshusen 2006, 20). 
 
Pueblo 
A pueblo was a ‘village’ 
 
Pueblo  Indians / Puebloans 
The term means ‘villagers’ and was given to people living in the South-western area of North 
America…. 
 
Pueblo period 
Pueblo I: 750-900 C.E. The period was marked by the appearance of the first pueblos. 
Pueblo II: 900-1150 C.E. The Chaco-style great houses appeared between 1075-1135 during 
this period (Noble 2006, x). 
Pueblo III:  
 
Raptors   
Birds of prey 
 
Ungulates    
Hoofed animals, such as horse, cows etc. 
 
Viverrids   
Members of the weasel family, which include stoat, mongoose, martens 
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The following conventions are applied: 
All mammals are listed individually, while reptiles, amphibians and molluscs are sub-listed 
under those main headings.  
*Experiments consist of my research for this thesis, experimental studies are those done by 
others. 
  
 
aardvark, 203 
aardwolf, 203 
abrasion, 562, 567, 570, 571, 572, 603, 608, 
617, 618 
Ache (Paraguay), 157, 204 
Africa, 74, 86, 100, 102, 112, 121, 142, 
161, 187, 195, 196, 197, 200, 201, 214, 
225, 237, 254, 266, 275, 280, 300, 301, 
304, 306, 307, 357, 358, 394, 718, 723, 
729, 730 
South Africa, 101, 142, 226 
Afroecuadorian, 196 
agouti, 208, 252 
Agta, 213 
Aka, 201 
Alleröd, 79 
amber, 369 
amphibians, 72, 127, 283, 308, 389, 724 
bullfrog, 308 
frog, 207, 308, 377, 725, 820 
toad, 377 
wood frog, 357 
Anabrus. See insects  
Anasazi, 562, 563, 574, 575, 576, 603, See 
Pueblo:Ancestral 
Ancient Puebloans. See Pueblo:Ancestral 
anteater, 187 
ants. See insects 
Apache, 186, 187 
Archaic, 843, 844 
armadillo, 187, 207, 208, 819 
arrows, 175, 176, 177, 178, 182, 185, 186, 
187, 188, 189, 190, 193, 197, 202, 204, 
207, 212, 213, 218, 219, 224, 226, 227, 
232, 234, 237, 242, 243, 244, 245, 254, 
261, 299, 308, 335, 344, 352, 358, 391, 
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745, 749, 752, 760, 765, 771, 776 
arrows (experiment), 408, 409, 410, 411, 
412, 413, 414, 424, 425, 426, 461, 463, 
614 
art, 190, 192, 358, 361, 366 
cave, 361, 363 
petroglyph, 361, 364 
rock, 174, 190 
Asia, 182, 255, 260, 274, 275, 294, 354, 
357, 392 
Athabascan, 181, 182 
atlatls, 185, 193, 237, 239, 240, 241 
aurochs, 369, 403 
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310, 355, 728 
avulsion. See fracture 
awl, 586, 604, 607, 608 
badger, 82, 83, 126, 127, 129, 148, 285, 
287, 290, 304, 311, 337, 339, 363, 367, 
379, 383, 389, 609, 617, 721, 725, 819 
BaMbuti. See Mbuti 
bandicoot, 310 
barbed-and-tanged, 227 
Basketmaker, 844, 845 
bat, 137, 819 
Daubenton’s bat, 337 
Batek, 214 
Ba-Yaka, 187, 729 
bear, 198, 230, 235, 290, 299, 342, 354, 
356, 364, 369, 383, 388, 389 
polar, 251 
beaver, 79, 81, 83, 135, 190, 222, 239, 244, 
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358, 364, 365, 367, 369, 370, 388, 389, 
390, 393, 645, 646, 719, 819 
beetle larvae. See insects 
beetles. See insects 
Bergmann’s Rule, 284 
berkut. See birds: Himalayan golden eagle 
biomolecular analysis, 248 
birds, 72, 73, 104, 107, 109, 111, 113, 127, 
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832, 833, 834, 835, 836, 837, 838, 839, 
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barn owl, 136 
blackbird, 813 
buzzard, 114, 828, 829, 833, 836, 838 
chough, 331 
cormorant, 838 
corncrake, 331 
duck, 724 
eagle, 100, 101, 107, 115, 136, 139, 140, 
828, 829, 835, 836, 838, 839 
eagle owl, 138, 139, 828, 836 
eider duck, 341, 342 
francolin, 835 
gannet, 838 
geese, 724 
golden eagle, 114, 138, 369 
goshawk, 182, 256, 826, 838 
great auk, 225, 724 
guillemot, 838 
guinea fowl, 188, 201 
gull, 394 
Harris hawk, 829 
hawk, 182 
Himalayan golden eagle, 834 
hobby, 826 
houbara bustard, 834 
kestrel, 137 
lark, 477, 826 
owl, 107, 126, 136, 137, 724, 823, 828 
partridge, 835 
peregrine falcon, 257, 829 
ptarmigan, 281, 299, 491, 699, 724 
raptor, 87, 101, 113, 114, 123, 126, 136, 
137, 138, 140, 141, 154, 254, 256, 
258, 261, 262, 264, 265, 281, 290, 
699, 824, 829, 831, 835, 836, 837, 
838, 839, 842 
raven, 136, 394, 813 
saker falcon, 257, 834 
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snow ptarmigan, 262, 491, 724 
snowy owl, 155, 262, 281, 491, 699, 828, 
838 
Spanish Imperial Eagle, 138 
steppe eagle, 834 
swan, 226, 342, 352, 364, 724 
tern, 394 
vulture, 828, 836 
white-tailed sea eagle, 263, 839 
whooper swan, 388 
willow grouse, 724 
biting, 609, 610, 611, 613, 614, 615 
blood, 225, 248, 249, 253, 254, 288, 304, 
309, 351, 355 
blowpipes, 182, 183, 184, 185, 218, 236 
bobcat, 319, 819 
Bofi, 196, 197, 201 
bolas, 177, 180, 193 
Bölling, 79 
bone fusion 
rabbit, 547, 548 
bone marrow, 96, 103, 110, 113, 116, 117, 
119, 120, 140, 141, 142, 149, 150, 151, 
156, 157, 272, 273, 288, 295, 298, 350, 
465, 496, 498, 547, 603, 610, 611, 619, 
650, 656, 660 
boomerangs, 177, 178, 179, 238, 239, 815 
bows, 174, 175, 176, 177, 178, 182, 185, 
186, 187, 188, 190, 193, 195, 197, 202, 
204, 210, 212, 213, 218, 219, 224, 226, 
229, 232, 237, 242, 243, 244, 254, 261, 
299, 402 
bows (experiment), 408 
Hunnish recurve, 411 
longbow, 411, 412 
Broad Spectrum Revolution, 260, 274, 835 
Bronze Age, 168, 262, 263, 294, 311, 373, 
374 
bullfrog. See amphibians 
burial, 235, 236, 244, 245, 251, 263, 281, 
328, 331, 332, 344, 352, 353, 355, 365, 
366, 367, 368, 369, 370, 371, 373, 378, 
379, 380, 382, 383, 384, 385, 386, 387, 
391, 394 
burkut. See Himalayan golden eagle 
burning, 85, 140, 149, 150, 158, 159, 725, 
726, 727 
bush-baby, 187, 280 
canids, 126, 719 
capybara, 135, 187, 300, 717 
carnivores, 71, 81, 87, 101, 108, 113, 114, 
116, 117, 118, 120, 121, 126, 127, 128, 
137, 140, 160, 163, 519, 613, 616, 836 
Castor. See beaver 
cat, 124, 126, 127, 166, 311, 323, 324, 327, 
380, 381, 382, 392, 400, 473, 613, 614, 
615, 616, 718 
ring-tailed, 364 
Catawba, 184 
caterpillars. See insects 
Cavia. See guinea pig 
caymen. See reptiles 
Chachi Indian, 196 
Chaco, 843, 844, 845 
chaîne opératoire, 395, 399, 464, 560, 561, 
618, 700 
cheek removal, 475 
Cherokee, 183, 184 
children, 180, 183, 184, 202, 207, 210, 213, 
218, 219, 220, 247, 271, 288, 295, 303, 
307, 308, 309, 310, 320, 321, 331, 332, 
341, 344, 357, 368, 382, 386, 391 
Chippewa (Canada), 208 
Chitimacha, 185 
Choctaw, 183, 186 
Chumash, 197, 344, 382 
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collagen, 70, 94, 95, 96, 97, 103, 111, 158, 
159, 498, 561, 589 
coprolite, 70, 160, 166, 167 
cottontail, 140, 161, 165, 167 
coyote, 114, 115, 122, 123, 124, 179, 328, 
345, 383, 389, 820 
crazing, 509, 576, 588, 589, 595, 596 
Cree 
Mistassini Cree, 197, 222 
North America, 393 
Creek, 183 
crocodiles. See reptiles 
crustaceans, 72, 74, 127, 128, 214, 283, 
308, 728 
C-transforms, 99, 148 
Cuon. See dhole 
Dayak, 306 
decapitation, 470, 652 
deer 
mule, 562, 603 
red, 401, 403, 435 
roe, 403, 409 
dermestid beetles. See beetles 
dhole, 82, 83 
diet breadth, 267, 269 
dik-dik, 189, 201 
disarticulation, 477, 491, 492, 496, 497, 
499, 503, 517 
dog, 81, 129, 132, 133, 165, 166, 191, 192, 
207, 208, 224, 235, 249, 250, 251, 252, 
253, 254, 257, 261, 262, 263, 268, 269, 
281, 290, 294, 311, 327, 342, 347, 367, 
380, 384, 385, 386, 387, 388, 389, 394, 
524, 530, 616, 636, 667, 699, 722, 820, 
823, 826, 829, 836, 838, 839 
dog burial, 129, 251, 384 
dog fat, 357 
dog fighting, 129 
dog meat, 294, 357 
domestication, 71, 249, 250, 266, 283, 294, 
305, 380 
dormouse, 284, 303, 305, 717 
edible, 285 
dugong, 221 
duiker, 195, 201, 210, 211 
Durrington Walls, 232 
earth oven, 564 
eel. See fish 
Emys. See reptiles 
Enhydra. See sea-otter 
enzyme-linked immune-sorbent assay, 249 
erinaceomorphs. See hedgehog 
Erinaceus. See hedgehog 
Ertebølle, 238, 247, 337 
Eskimo, 86, 177, 187, 198, 204, 220, 239, 
299, 320, 339, 340, 342, 354, 723 
Copper Eskimo, 200, 220 
etching, 519, 624 
ethnography, 71, 74, 77, 81, 157, 725, 727 
experimental studies, 404, 405, 406, 408, 
410, 411, 428, 452, 463, 471, 491, 493, 
497, 515, 562, 603, 604, 607, 608, 617 
experiments, 77, 86, 98, 102, 111, 113, 142, 
399, 407, 408, 409, 410, 411, 412, 413, 
414, 424, 426, 427, 428, 436, 442, 452, 
460, 461, 462, 463, 475, 477, 494, 496, 
499, 503, 514, 517, 561, 562, 563, 564, 
565, 602, 603, 607, 608, 609, 613, 692, 
700 
falconry, 8, 254, 255, 258, 260, 261, 262, 
264, 281, 699, 705, 823, 826, 827, 828, 
829, 831, 833, 835, 836, 837, 838, 841 
fat, 71, 97, 134, 272, 283, 285, 286, 287, 
288, 289, 290, 292, 294, 295, 296, 298, 
300, 307, 322, 355, 358, 389, 394 
feasting, 530, 622, 649 
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felids, 124, 719 
ferret, 249, 266, 281, 546 
fish, 72, 73, 109, 127, 128, 177, 190, 207, 
239, 247, 278, 279, 283, 299, 304, 308, 
358, 363, 389, 393, 394, 729 
eel, 377 
wrasse, 377 
fisher, 345, 380 
fox, 81, 82, 83, 99, 126, 127, 136, 190, 198, 
199, 200, 247, 251, 254, 256, 257, 260, 
290, 302, 303, 310, 333, 337, 339, 344, 
345, 354, 355, 361, 366, 367, 368, 371, 
382, 383, 389, 392, 549, 611, 612, 636, 
645, 646, 820, 835 
arctic, 82, 83, 198, 262, 317, 322, 324, 
326, 344, 345, 394, 721, 838 
bat-eared, 190 
blue, 342 
coloured, 198 
grey, 308, 344 
island, 382 
kit, 234 
red, 82, 83, 338, 344, 345, 369, 722 
fox skin, 344 
fracture, 96, 103, 104, 105, 106, 107, 111, 
124, 128, 129, 154, 155, 156, 168 
avulsion, 485, 491, 517, 518, 519, 521, 
523, 524, 526, 546, 547, 548, 639 
clay-shoveller’s, 520 
gamekeeper’s thumb, 522 
butterfly, 103 
helical, 94, 103, 611 
longitudinal, 263 
notch and medial wrench, 491, 514, 517 
spiral, 103, 104, 107, 232, 406, 407 
transverse, 263 
frog. See amphibians, See amphibians 
Fulani, 307 
fungal spores, 70 
fungi, 145 
fur, 72, 98, 129, 137, 167, 171, 175, 178, 
184, 186, 222, 244, 245, 297, 300, 301, 
302, 304, 306, 313, 314, 315, 317, 318, 
320, 321, 322, 323, 324, 325, 326, 327, 
328, 330, 331, 333, 334, 335, 337, 339, 
342, 343, 344, 345, 346, 347, 389, 390, 
394, 411, 473, 657, 718, 823 
galago, 280, 307 
Gambrel space, 401 
genet, 126 
Glis. See dormouse 
gnawing, 116, 117, 118, 119, 120, 121, 
131, 132, 133, 134, 135, 142, 161, 162, 
169, 606, 624, 638, 639, 640 
cat, 613 
gopher, 667 
grass snake. See reptiles 
grasshoppers. See insects 
Great Basin, 157, 728 
guinea pig, 122, 166, 182, 290, 300, 304, 
310, 391, 392 
Gulo. See wolverine 
Hadza, 186, 187, 189, 190, 201, 202, 218, 
219, 283, 308, 346, 729 
hamster, 334 
hare, 71, 100, 102, 114, 136, 137, 138, 140, 
150, 153, 175, 243, 247, 251, 256, 260, 
262, 275, 277, 278, 281, 284, 285, 289, 
294, 300, 301, 302, 304, 307, 326, 348, 
352, 354, 363, 364, 377, 389, 393, 468, 
609, 645, 699, 717, 824, 834, 835, 838 
African hare, 109 
arctic, 149, 296, 348, 352, 378, 549, 606, 
607, 608, 718, 720 
brown, 285, 720 
Cape, 307 
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European, 526 
Iberian, 295 
Irish, 83, 285, 720 
mountain, 82, 83, 286, 720 
red, 307 
rock, 358 
Scottish, 285 
Southern bush, 308 
springhare, 308 
harpoons, 177, 185, 187, 204, 240, 241, 
348, 586 
hazel, 409, 565 
hedgehog, 81, 137, 151, 160, 285, 288, 290, 
296, 303, 308, 332, 355, 369, 371, 372, 
373, 374, 375, 376, 717, 720, 726 
African, 280 
long-eared, 374 
northern white-breastedhedgehog,, 378 
Herm. See sites 
Herm (Channel Islands, UK), 76 
hog badgers, 133 
honey badger, 203 
Hopi, 179, 180, 218, 239, 308, 344, 388, 
389 
horse, 523 
hyena, 367, 392 
hyperextension, 491, 495, 496, 498, 499, 
501, 503, 514, 517, 518, 652, 656 
hyrax, 100, 101, 187, 202, 218, 219, 239, 
304, 308 
rock, 100 
Incas, 304 
India, 236, 252, 305, 357, 392 
Innu, 389, 393, 395 
insects, 72, 74, 137, 141, 142, 144, 190, 
218, 283, 300, 308, 358, 389, 727, 728, 
729 
ants, 142, 224, 254, 729 
beetle larvae, 190 
beetles, 728 
caterpillars, 730 
dermestid beetles, 142 
grasshoppers, 271, 727 
harvester ants, 728 
locusts, 729, 730 
mormon crickets, 728 
moths, 169, 728 
termites, 142 
Inuit, 286, 299, 339, 342, 343, 344, 394 
Iroquois, 183, 300, 308, 356, 390, 394 
jackal, 251 
jackrabbit, 100, 157, 175, 194, 204, 234, 
272, 299, 309, 348, 349, 351, 648, 667 
white-tailed, 650 
jaguar, 183 
jerboa, 138, 139 
jointing, 466, 467, 468, 470, 491, 496, 615 
Ju/’hoan San (Namibia, Africa), 213, 214 
juveniles, 208, 225, 228, 230, 288 
Kalahari, 121 
Kua Bushmen, 190, 202, 203 
Kutse, 301, 302 
kangaroo, 185, 214, 234, 310, 346, 347 
Kaska, 190 
Khanty, 247 
kiva, 388, 622, 636, 639, 640, 641, 642, 
645, 648, 649, 667, 674, 844 
Kua. See Kalahari 
Kung San, 185, 190, 203, 204, 249, 254 
Kutse. See Kalahari 
Lacandon, 187, 190 
lagomorphs, 81, 83, 107, 123, 161, 175, 
248, 278, 377, 717 
Last Glacial Maximum, 79, 82 
least weasel, 83, See weasel, See weasel 
lemming, 135, 325 
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leopard, 308, 369 
leopard tortoise. See reptiles 
Lepus. See hare 
lichen, 145 
limpets. See molluscs 
lipids. See fat 
lithics, 174, 186, 187, 226, 227, 229, 230, 
231, 232, 234, 235, 237, 238, 239, 241, 
333, 335, 347, 366, 371, 378, 386, 403, 
405, 407, 408, 410, 412, 413, 414, 425 
barbed-and-tanged, 190, 410, 423, 448 
biface, 771, 772, 776 
Clovis, 844 
Folsom, 844 
leaf-shaped arrowhead, 410 
microlith, 402, 413, 421, 765, 766, 794, 
795, 807 
obliquely-truncated microlith, 410 
lizards. See reptiles 
locusts. See insects 
loir. See edible dormouse 
Lower Pecos (Texas, USA), 194, 351 
Luiseño, 197, 204, 299, 344 
lynx, 82, 83, 118, 124, 125, 299, 337, 338, 
345, 364, 380, 389, 549, 819 
Eurasian, 721 
Marginal Value Theorem, 273, 274 
marmot, 135, 149, 153, 155, 156, 200, 201, 
202, 219, 220, 231, 232, 262, 266, 275, 
280, 281, 289, 290, 299, 304, 335, 336, 
343, 354, 389, 407, 408, 699, 717, 756, 
838 
Marmota. See marmot 
marten, 82, 83, 174, 245, 304, 327, 345, 
361, 367, 373, 389, 719, 725 
beech marten, 719 
pine marten, 82, 100, 151, 233, 234, 331, 
336, 337, 338, 339, 719 
stone marten, 369, 719 
material culture, 173, 225, 236, 262, 281, 
358 
awls, 349 
beads, 352, 353, 354, 366, 371, 373, 378, 
383 
bows, 218 
chisels, 351 
dice, 351 
necklaces, 352, 353, 367, 368 
needles, 246, 347, 348 
tinklers, 650 
Matses, 207 
Maya, 222 
Mayangna, 208, 252, 311 
Mbuti, 195, 210, 211 
measurements, 634, 635 
medieval, 97, 129 
Mescalero Apache (New Mexico), 209 
Mesolithic, 72, 80, 83, 725 
Mexico, 166, 729 
Mimbres, 192, 193, 205, 844 
mink, 126, 345, 361, 379, 389, 390, 394 
American, 324 
sea mink, 324 
Miskito, 208, 311 
Mohave, 234 
mole, 278, 313, 337, 720, 820 
star-nosed, 390 
mole rat, 278 
molluscs, 72, 74, 128, 144, 275, 279, 283, 
308, 727, 728 
limpets, 727 
periwinkles, 727 
Roman snails, 727 
shellfish, 727 
snails, 278 
wallfish, 727 
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mongoose, 126, 195, 210, 301, 302 
monkey, 183, 185, 187, 190, 195, 210, 212, 
224 
saki, 207 
vervet, 307 
woolly, 300, 301 
mopane worms, 729 
moths. See insects 
mouse, 80, 82, 113, 133, 135, 142, 143, 
144, 158, 196, 197, 223, 233, 234, 300, 
307, 308, 377, 820 
house-mouse, 99 
wood mouse, 83, 115 
Musaha, 305 
muskrat, 299, 300, 343, 345, 389, 394 
mustelids, 81, 122, 126, 249, 266, 311, 324, 
361, 362, 363, 379, 636, 639, 718 
myxomatosis, 638, 639 
Naro, 202 
Navajo, 179 
Nentsi, 354 
Neolithic, 232, 235, 238, 243, 244, 250, 
263, 274, 289, 294, 311, 337, 339, 352, 
367, 371, 373, 374, 378, 644 
net-hunting, 210, 247 
nets, 174, 175, 190, 191, 192, 194, 195, 
200, 204, 210, 211, 246, 247, 260, 267, 
270, 271, 299, 380, 412, 463, 546 
North America, 81, 140, 157, 177, 182, 
185, 186, 187, 190, 197, 200, 222, 225, 
233, 271, 287, 299, 300, 308, 324, 327, 
339, 344, 348, 356, 364, 370, 379, 382, 
387, 388, 390, 393, 394, 717 
N-transforms, 99, 108, 154 
Ochotona. See pika, See pika 
ochre, 251, 331, 344, 368, 385, 386 
opossum, 302, 310, 346, 347, 355, 356, 820 
Optimal Foraging Model, 268, 269 
Optimal Foraging Theory, 267, 269 
ornament, 72, 361, 368 
otter, 81, 82, 83, 126, 127, 244, 247, 306, 
311, 327, 337, 338, 339, 346, 361, 363, 
389, 390, 394, 721, 820 
clawless, 306 
Irish, 83 
river, 345 
sea-otter, 324, 339, 344 
paca, 207, 208, 252 
packrat, 248 
Paiute (Nevada, USA), 221, 690 
Palaeoindian, 844, 845 
Palaeolithic, 491, 549, 550, 644 
Panare, 183 
Pedi, 307 
percussion, 105, 156, 726 
periwinkles. See molluscs 
pika, 81, 717, 720 
Pima, 187 
pithouse, 845 
poison, 183, 185, 187, 188, 190, 218, 224, 
308, 311, 358 
polecat, 82, 83, 249, 266, 308, 337, 338, 
339, 721 
European, 266 
steppe, 266, 338 
polymerase chain reaction, 248 
Pomo, 190 
porcupine, 133, 134, 135, 166, 175, 190, 
195, 197, 202, 203, 225, 300, 308, 356, 
357, 362, 389, 390, 393, 394, 395, 820 
pot-polish, 562, 563, 564, 565, 570, 571, 
574, 602, 603, 607, 608, 609, 617, 639 
pottery, 182, 193, 250, 284, 564, 574, 604 
prairie dog, 179, 233, 308 
prey gap, 83 
prey ranking, 270 
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protein, 94, 98, 115, 159, 561, 728, 730 
pseudotool, 117, 562 
pueblo 
village, 813, 845 
Pueblo, 8, 222, 666, 667 
Anasazi, 666 
Ancestral, 648, 843 
Pueblo I, 844, 845 
Pueblo II, 844, 845 
Pueblo III, 845 
Pueblo Indians / Puebloans, 705, 813, 814, 
815, 845 
puma, 311 
Pumé, 187 
rabbit, 71, 127, 138, 140, 144, 150, 156, 
157, 161, 162, 165, 166, 167, 718 
cottontail, 187, 583, 595, 597, 648, 650, 
656, 664, 665, 667, 670 
European, 278, 333, 408, 496 
Flemish Giant, 287 
New Zealand White, 287 
snow-shoe, 299 
rabbit blood, 358 
rabbit skin, 319, 320, 321, 328, 329, 330, 
331, 344, 358, 814 
rabbit starvation, 296 
rabbit-hunt, 813, 814, 815 
raccoon, 190, 302, 319, 356, 821 
radiographs, 739, 740, 745, 757, 771, 778, 
783, 839, 841 
radiography, 8, 263, 264, 400, 402, 409, 
413, 426, 427, 428, 433, 452, 497, 499, 
705 
Rana. See amphibians 
raptors, 519 
rat, 83, 98, 129, 133, 135, 136, 142, 158, 
161, 195, 196, 197, 198, 223, 224, 233, 
234, 278, 299, 300, 305, 307, 310, 323, 
324, 357, 723, 820 
black, 196, 720 
Brazilian marsh rat, 334 
brown, 134, 285, 720 
bush, 305, 307 
cane, 305 
cotton, 165 
kangaroo rat, 186, 234 
pack rat, 234 
pouched, 202 
ricefield, 304, 305 
wood, 135 
woodrat, 197 
rattlesnake. See reptiles 
reindeer, 243, 251, 283, 315, 318, 335, 341, 
342, 348, 364 
reptiles, 72, 74, 86, 109, 165, 214, 239, 
278, 283, 308, 723, 724 
caymen, 187 
crocodiles, 74, 86, 723 
Emys, 726 
grass snake, 377, 388 
leopard tortoise, 308 
lizards, 142, 177, 187, 218, 311 
rattlesnake, 308, 358 
skink, 309 
snake, 190, 308, 311, 355, 389 
tortoise, 225, 270, 271, 275, 278, 308, 
355, 726 
turtle, 74, 86, 308, 357, 394, 723 
residue analysis, 225, 248, 249 
rodents, 71, 72, 83, 98, 120, 126, 131, 132, 
133, 134, 135, 136, 137, 146, 166, 183, 
196, 207, 248, 278, 284, 285, 295, 304, 
305, 307, 308, 310, 311, 339, 343, 345, 
369, 667 
Roman, 672, 673, 674, 682 
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Roman snails. See molluscs 
root etching, 606 
Saami, 247 
Salish, 190 
scanning electron microscope, 574, 576, 
579, 580, 581, 583, 585, 588, 589, 590, 
592, 594, 595, 596, 597, 598, 599, 604, 
605, 608, 665 
scapulimancy, 393, 395 
scissor snares, 218 
sea otter, 128 
seal, 177, 184, 220, 247, 251, 283, 320, 
322, 324, 325, 342, 343, 368, 369, 371, 
375, 378, 389, 394 
bearded, 341 
fur seal, 390 
ringed, 341 
shaman, 222, 369, 813, 814, 815 
shellfish. See molluscs 
Shoshone, 175, 344, 728 
shrew, 80, 83, 137, 142, 163, 165, 224, 377, 
717 
elephant-shrew, 223, 224 
greater white-toothed, 115 
Siberia, 247, 252, 354, 384 
sites 
Abric del Pastor (Spain), 727 
Ajvide (Gotland, Sweden), 235, 352, 
365, 371, 372, 378 
Altxerri (Spain), 363 
Anecrial Cave (Portugal), 144 
Angostura (Argentina), 349 
Antelope House (Arizona, USA), 166 
Araguina-Sennola rock-shelter (Corsica), 
496 
Arcy-sur-Cure (France), 366 
Arene Candide (Italy), 331, 332, 333 
Ashkelon (Israel), 387 
Augst (Switzerland), 404 
Bacon Hole Cave (Devon, England), 82 
Baldock (Hertfordshire, England), 521 
Balma del Gai (Spain), 552, 553 
Banwell Bone Cave (Devon, England), 
82 
Barclodiad Y Gawres (Anglesey, Wales), 
377 
Baume d’Ogens (Switzerland), 725 
Beddingham Roman Villa (East Sussex, 
England), 284 
Bhimbetka (Sri Lanka), 235 
Bois-Ragot (France), 493 
Borrego Valley (California, USA), 180 
Boxgrove (West Sussex, England), 226, 
251 
Bu Broch (Orkney, Scotland), 128 
Butte Creek Cave (Oregon, USA), 327, 
328 
Cabeço do Porto Marinho (Portugal), 297 
Cahuachi (Peru), 391 
Çatalhöyük (Turkey), 355 
Chaco Canyon (New Mexico, USA), 165 
Channel Islands (California, USA), 382 
Chauvet Cave (France), 361 
Church Hole Cave (Derbyshire, 
England), 348 
Clayoquot Plateau (Canada), 155, 652 
College Point (New York, USA), 380 
Colomb Cave (France), 149, 407, 408 
Combe Saunière (France), 154, 185, 491 
Coneybury Henge (Wiltshire, England), 
263, 339, 839 
Costello-King (Arizona, USA), 387 
Cova Beneito (Spain), 237, 241, 242, 380 
Cova de les Cendres (Spain), 611, 612 
Cova del Bolomor (Spain), 726 
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Creswell Crags (Derbyshire, England), 
606, 607, 608 
Crnokalačka Bara (Yugoslavia), 374 
Cuevas de la Araña (Spain), 174 
Divje babe Cave I (Slovenia), 128 
Dolni Vĕstonice (Czech Republic), 246 
Dust Devil Cave (Utah, USA), 70, 165, 
166 
Eden-Farson (Wyoming, USA), 728 
Eel Point (California, USA), 383 
Ein Mallaha (Israel), 385, 386 
Ein Tirghi (Egypt), 129 
Elms Farm (Essex, England), 404 
el-Wad Terrace (Israel), 278 
Faccombe Netherton (Hampshire, 
England), 266 
Faurelie-II (France), 493 
Fell’s Cave (Chile), 250 
Fish Cave (Nevada, USA), 178 
Fontalès (France), 147 
Friesack (Germany), 247 
Gabillou (France), 363 
Gazel Cave (France), 149, 262, 551, 838 
Gough’s Cave (Somerset, England, 83 
Gourdan (France), 363 
Grænge mose bog (Denmark), 403 
Great Bend Aspect (Kansas, USA), 390 
Grotta dei Moscerini (Italy), 726 
Grotta del Clusantin (Italy), 558 
Grotta di Pozzo (Italy), 558 
Grotte Colomb (France), 153, 231, 335, 
556, 557 
Grotte des Fées (France), 366 
Hayonim Cave (Israel), 385, 726 
Hazendonk (Switzerland), 339 
Herm (Channel Islands, UK), 76, 440, 
441, 489, 490, 491, 530, 536, 539, 
546, 636, 637, 638, 683, 684, 685 
Hilazon Tachtit Cave (Israel), 369 
Hinds Cave (Texas, USA), 165, 166, 248 
Hjerk Nor (Denmark), 338 
Hogup Cave (Utah, USA), 156, 194 
Holmegaard (Denmark), 242 
Humlebakke Syd (Denmark), 338 
Hunters Shelter (New Mexico, USA), 
190, 191 
Indian Creek Canyon (Utah, USA), 364 
Isbister (Orkney, Scotland), 128, 839 
Jaguar Cave (Idaho, USA), 250 
Joint Mitnor Cave (Buckfastleigh, 
Devon), 82 
Kamid el Loz (Lebanon), 168 
Kebara Cave (Israel), 727 
Kent’s Cavern (Devon), 76, 620, 621 
Kent’s Cavern (Devon, England), 643 
Khorsabad (Mesopotamia), 255, 824, 
825 
Klissoura Cave (Greece), 277, 278 
Kolhorn (Holland), 339 
Kupeszér (Hungary), 168 
Kutná Hora-Denemark (Czech 
Republic), 725 
KwaZulu-Natal (South Africa), 402 
La Draga (Spain), 243 
La Madeleine (France), 552 
La Marche (France), 363 
La Quina (France), 248, 366 
La Vache (France), 154, 724 
Lakeside Cave (Utah, USA), 271, 272 
Lånke (Norway), 364 
Laugerie-Basse (France), 363 
Leigh Cave rockshelter (Wyoming, 
USA), 728 
Leikness (Norway), 364 
Les Canalettes (France), 275, 493, 511, 
516, 611 
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Les Malladetes (Spain), 237, 241, 242 
Lo Demás (Peru), 391, 392 
Lokomotiv (Russia), 384, 385 
Lovelock Cave (Nevada, USA), 178, 179 
Lundby Mose (Denmark), 226 
Mancos (Colorado, USA), 388, 562, 563, 
603, 604, 607 
Mantles Cave (Colorado, USA), 727 
Mariner Mountain (Canada), 155, 652 
Meare Heath (Somerset, England), 243, 
244 
Meare Village East (Somerset, England), 
351, 352 
Mid Howe (Rousay, Scotland), 838 
Moulin du Roc (France), 215, 216 
Mullerup (Denmark), 226 
Niaux Cave (France), 361 
Oberkassel (Germany), 251 
Oblazowa Cave (Poland), 239 
Ocampo Caves (Mexico), 167 
Olduvai Gorge (Tanzania, Africa), 137, 
141, 151 
Oleneostrovski Mogilnik (Russia), 369 
Olsen-Chubbock (Colorado, USA), 102 
Ord Shelter (California, USA), 200, 201, 
351, 352 
Pavlov (Czech Republic), 246, 247 
Picareiro Cave (Portugal), 139, 140, 156, 
295, 297, 298, 401, 660 
Pin Hole Cave (Derbyshire, England), 
82, 348 
Pincevent (France), 348 
Polesini (Italy), 363 
Pont d’Ambon (France), 215, 216 
Pont d'Ambon à Bourdeilles (France), 
724 
Poulton-le-Fylde (Lancashire, England), 
403 
Předmostí (Czech Republic), 246, 247 
Pusztataskony–Ledence (Hungary), 378 
Qilakitsoq (Greenland), 327, 339 
Quanterness (Orkney, Scotland), 128, 
838 
Raptor (Wyoming, USA), 555 
Raptor site (Wyoming, USA), 352 
Raunds Furnells (Northamptonshire, 
England), 520 
Ringkloster (Denmark), 100, 151, 233, 
244, 245, 331, 336 
Riparo Mochi (Italy), 159, 435, 755 
Riparo Tagliente (Italy), 289, 558, 559 
Robin Hood Cave (Derbyshire, England), 
81, 153, 348, 549, 550, 718, 855 
Saint-Michel-du-Touch (France), 373 
Salts Cave (Kentucky, USA), 165 
San Clemente (California, USA), 382 
San Miguel Island (California, USA), 
128 
San Nicolas Island (California, USA), 
382 
Santa Cruz Island (California, USA), 
344, 382 
Schöningen (Germany), 225, 239 
Sefunim Cave (Israel), 279 
Shamanka II (Russia), 384 
Shanidar Cave (Iraq), 404 
Shillourokambos (Cyprus), 380, 381, 382 
Sibudu Cave (South Africa), 226 
Silbury (Wiltshire, England), 339 
Sinagua (Arizona, USA), 555 
Skateholm (Sweden), 281, 386 
South Fork Shelter (Nevada, USA), 330, 
331 
Star Carr (North Yorkshire, England), 
250 
Stellmoor (Germany), 177, 242, 243 
INDEX 
P a g e  |913 
Stix and Leaves (Colorado, USA), 76, 
440, 441, 442, 461, 574, 576, 583, 
584, 585, 621, 622, 623, 666, 667, 
668, 669, 670, 671, 683, 684, 685, 852 
Stykket (Norway), 364 
Swifterbant (Switzerland), 339 
Three Rivers Petroglyph (New Mexico, 
USA), 364 
Tianyuan Cave (South China), 133 
Trois Frères (France), 361, 363 
Trou de Châleux (Belgium), 148 
Trou des Nutons (Belgium), 148 
Two Ledges (Nevada, USA), 140, 141 
Tybrind Vig (Denmark), 244, 245 
Vale Boi (Portugal), 278, 297 
Vancouver Island (Canada), 155, 652 
Vedbæk (Denmark), 251 
Ventana Cave (Arizona, USA), 351 
Vista (Nevada, USA), 140, 141 
Wallace Ruin (Colorado, USA), 76, 354, 
489, 527, 531, 536, 549, 574, 576, 
595, 596, 597, 621, 622, 623, 633, 
639, 648, 649, 650, 652, 660, 662, 
663, 664, 665, 668, 670, 671, 683, 
684, 685, 852, 887 
White Oaks Spring (New Mexico, USA), 
191, 192 
Whitehall Farm Roman Villa 
(Northamptonshire, England), 66, 76, 
517, 657, 672, 674, 681, 683 
Yderhede (Denmark), 337 
Yin (China), 387 
Zaraisk (Russia), 246 
Zhokhov (Russia), 251 
Zvejnieki (Latvia), 367 
skeletal abundance, 100 
skin, 98, 110, 150, 151, 152, 160 
skink. See reptiles 
skinning, 745, 754, 755 
skunk, 186, 300, 335, 357, 389, 821 
slingshots, 177, 182, 185, 193 
snails. See molluscs 
snake. See reptiles 
snaring, 173, 193, 194, 199, 200, 201, 202, 
204, 219, 220, 224, 232, 233, 234, 246, 
271, 280, 288, 299 
South America, 182, 183, 187, 236, 252, 
300, 309, 310, 311, 334, 357, 391 
spears, 173, 174, 177, 182, 185, 186, 187, 
193, 195, 203, 224, 225, 226, 235, 237, 
239, 240, 241, 247, 254, 402, 403, 405, 
461 
spear-throwers, 185 
springhare, 190, 203 
squirrel, 81, 102, 121, 133, 134, 135, 136, 
150, 165, 166, 174, 184, 186, 190, 197, 
198, 218, 245, 266, 285, 289, 290, 291, 
300, 301, 302, 303, 306, 307, 331, 332, 
333, 337, 338, 365, 389, 468, 609, 617, 
639, 667, 717, 725, 821 
arctic ground squirrel, 343 
grey, 134, 285, 306, 333, 720 
ground, 197, 234, 299, 300, 343 
palm, 307 
Persian, 726 
red, 83, 285, 317, 331, 337, 345, 719 
yellow-footed, 308 
stoat, 82, 83, 84, 126, 616, 721 
ermine, 326 
Irish, 83 
stone fetish, 390, 819 
symbolism, 72 
sympathetic magic, 392, 394 
taboos, 69, 77, 85, 283, 303, 304, 305, 306, 
307, 308, 310, 723 
Talpa. See mole 
INDEX 
914 | P a g e  
taphonomy, 89, 90, 93, 169 
teeth, 72, 97, 113, 114, 118, 120, 122, 133, 
137, 144, 146, 161, 163, 183, 234, 250, 
309, 313, 331, 347, 351, 352, 365, 366, 
367, 368, 369, 371, 378, 380, 387, 394 
termites. See insects 
Testudo. See reptiles  
throwing sticks, 178, 179, 238, 239, 241 
tiger, 327, 357 
Tiwi, 214 
toad. See amphibians 
tongue removal, 475, 476, 477, 478, 481, 
482, 487 
tooth eruption 
rabbit, 547, 548 
tooth-marks, 80, 107, 126, 150, 151, 160, 
624, 726 
tortoise. See reptiles 
totemism, 306, 363, 364, 368, 383, 388, 
390, 392 
toys, 354 
trampling, 477, 562, 606 
trapping, 5, 171, 173, 174, 175, 176, 177, 
186, 193, 195, 196, 197, 198, 199, 201, 
202, 205, 207, 218, 221, 223, 224, 225, 
232, 233, 234, 241, 245, 247, 249, 260, 
280, 281, 288, 299, 301, 315, 324, 344, 
389, 394, 698 
turtle, 74, See reptiles 
Tutelo, 183 
use-wear, 248 
Venus figurines, 246 
veterinary, 519, 523, 530 
vitamins, 730 
viverrids, 126, 845 
vole, 80, 82, 83, 114, 115, 136, 143, 144, 
278, 377 
field, 83 
northern, 82 
root, 83 
short-tailed, 308 
water vole, 239, 337 
wallfish. See molluscs 
walrus, 177, 251, 324, 354, 394 
water chevrotain, 195 
weasel, 82, 83, 198, 310, 311, 326, 361, 
379, 389, 616, 721 
least weasel, 82, 83, 721 
short-tailed, 345 
Whitehall Roman Villa 
Whitehall Roman Villa 
(Northamptonshire, England), 621, 
897 
wild boar, 403 
wildcat, 82, 83, 247, 254, 302, 308, 319, 
337, 339, 344, 380, 721, 725, 819 
Wola, 221 
wolf, 82, 83, 84, 136, 198, 248, 250, 251, 
255, 289, 290, 327, 337, 344, 367, 369, 
384, 385, 386, 389, 394, 722, 821, 823 
grey, 345 
wolverine, 81, 82, 83, 122, 198, 235, 290, 
328, 343, 344, 345, 361, 362, 389, 721 
women, 200, 205, 207, 210, 211, 212, 213, 
218, 220, 235, 247, 271, 288, 301, 302, 
307, 308, 309, 310, 340, 341, 382, 391 
wood frog. See amphibians 
woodchuck, 300 
worms, 143, 144, 729, 730 
wrasse. See fish 
Yahi, 319 
Yintjinnga, 221 
Yoruba, 325 
Younger Dryas, 79, 250, 279 
zonation, 625 
Zuni, 179, 391, 819 
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Abric del Pastor (Spain), 727 
Ajvide (Gotland, Sweden), 235, 352, 
365, 371, 372, 378 
Altxerri (Spain), 363 
Anecrial Cave (Portugal), 144 
Angostura (Argentina), 349 
Antelope House (Arizona, USA), 166 
Araguina-Sennola rock-shelter (Corsica), 
496 
Arcy-sur-Cure (France), 366 
Arene Candide (Italy), 331, 332, 333 
Ashkelon (Israel), 387 
Augst (Switzerland), 404 
Bacon Hole Cave (Devon, England), 82 
Baldock (Hertfordshire, England), 521 
Balma del Gai (Spain), 552, 553 
Banwell Bone Cave (Devon, England), 
82 
Barclodiad Y Gawres (Anglesey, Wales), 
377 
Baume d’Ogens (Switzerland), 725 
Beddingham Roman Villa (East Sussex, 
England), 284 
Bhimbetka (Sri Lanka), 235 
Bois-Ragot (France), 493 
Borrego Valley (California, USA), 180 
Boxgrove (West Sussex, England), 226, 
251 
Bu Broch (Orkney, Scotland), 128 
Butte Creek Cave (Oregon, USA), 327, 
328 
Cabeço do Porto Marinho (Portugal), 297 
Cahuachi (Peru), 391 
Çatalhöyük (Turkey), 355 
Chaco Canyon (New Mexico, USA), 165 
Channel Islands (California, USA), 382 
Chauvet Cave (France), 361 
Church Hole Cave (Derbyshire, 
England), 348 
Clayoquot Plateau (Canada), 155, 652 
College Point (New York, USA), 380 
Colomb Cave (France), 149, 407, 408 
Combe Saunière (France), 154, 185, 491 
Coneybury Henge (Wiltshire, England), 
263, 339, 839 
Costello-King (Arizona, USA), 387 
Cova Beneito (Spain), 237, 241, 242, 380 
Cova de les Cendres (Spain), 611, 612 
Cova del Bolomor (Spain), 726 
Creswell Crags (Derbyshire, England), 
606, 607, 608 
Crnokalačka Bara (Yugoslavia), 374 
Cuevas de la Araña (Spain), 174 
Divje babe Cave I (Slovenia), 128 
Dolni Vĕstonice (Czech Republic), 246 
Dust Devil Cave (Utah, USA), 70, 165, 
166 
Eden-Farson (Wyoming, USA), 728 
Eel Point (California, USA), 383 
Ein Mallaha (Israel), 385, 386 
Ein Tirghi (Egypt), 129 
Elms Farm (Essex, England), 404 
el-Wad Terrace (Israel), 278 
Faccombe Netherton (Hampshire, 
England), 266 
Faurelie-II (France), 493 
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Fell’s Cave (Chile), 250 
Fish Cave (Nevada, USA), 178 
Fontalès (France), 147 
Friesack (Germany), 247 
Gabillou (France), 363 
Gazel Cave (France), 149, 262, 551, 838 
Gough’s Cave (Somerset, England, 83 
Gourdan (France), 363 
Grænge mose bog (Denmark), 403 
Great Bend Aspect (Kansas, USA), 390 
Grotta dei Moscerini (Italy), 726 
Grotta del Clusantin (Italy), 558 
Grotta di Pozzo (Italy), 558 
Grotte Colomb (France), 153, 231, 335, 
556, 557 
Grotte des Fées (France), 366 
Hayonim Cave (Israel), 385, 726 
Hazendonk (Switzerland), 339 
Herm (Channel Islands, UK), 76, 440, 
441, 489, 490, 491, 530, 536, 539, 
546, 636, 637, 638, 683, 684, 685 
Hilazon Tachtit Cave (Israel), 369 
Hinds Cave (Texas, USA), 165, 166, 248 
Hjerk Nor (Denmark), 338 
Hogup Cave (Utah, USA), 156, 194 
Holmegaard (Denmark), 242 
Humlebakke Syd (Denmark), 338 
Hunters Shelter (New Mexico, USA), 
190, 191 
Indian Creek Canyon (Utah, USA), 364 
Isbister (Orkney, Scotland), 128, 839 
Jaguar Cave (Idaho, USA), 250 
Joint Mitnor Cave (Buckfastleigh, 
Devon), 82 
Kamid el Loz (Lebanon), 168 
Kebara Cave (Israel), 727 
Kent’s Cavern (Devon), 76, 620, 621 
Kent’s Cavern (Devon, England), 643 
Khorsabad (Mesopotamia), 255, 824, 825 
Klissoura Cave (Greece), 277, 278 
Kolhorn (Holland), 339 
Kupeszér (Hungary), 168 
Kutná Hora-Denemark (Czech 
Republic), 725 
KwaZulu-Natal (South Africa), 402 
La Draga (Spain), 243 
La Madeleine (France), 552 
La Marche (France), 363 
La Quina (France), 248, 366 
La Vache (France), 154, 724 
Lakeside Cave (Utah, USA), 271, 272 
Lånke (Norway), 364 
Laugerie-Basse (France), 363 
Leigh Cave rockshelter (Wyoming, 
USA), 728 
Leikness (Norway), 364 
Les Canalettes (France), 275, 493, 511, 
516, 611 
Les Malladetes (Spain), 237, 241, 242 
Lo Demás (Peru), 391, 392 
Lokomotiv (Russia), 384, 385 
Lovelock Cave (Nevada, USA), 178, 179 
Lundby Mose (Denmark), 226 
Mancos (Colorado, USA), 388, 562, 563, 
603, 604, 607 
Mantles Cave (Colorado, USA), 727 
Mariner Mountain (Canada), 155, 652 
Meare Heath (Somerset, England), 243, 
244 
Meare Village East (Somerset, England), 
351, 352 
Mid Howe (Rousay, Scotland), 838 
Moulin du Roc (France), 215, 216 
Mullerup (Denmark), 226 
Niaux Cave (France), 361 
Oberkassel (Germany), 251 
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Oblazowa Cave (Poland), 239 
Ocampo Caves (Mexico), 167 
Olduvai Gorge (Tanzania, Africa), 137, 
141, 151 
Oleneostrovski Mogilnik (Russia), 369 
Olsen-Chubbock (Colorado, USA), 102 
Ord Shelter (California, USA), 200, 201, 
351, 352 
Pavlov (Czech Republic), 246, 247 
Picareiro Cave (Portugal), 139, 140, 156, 
295, 297, 298, 401, 660 
Pin Hole Cave (Derbyshire, England), 
82, 348 
Pincevent (France), 348 
Polesini (Italy), 363 
Pont d’Ambon (France), 215, 216 
Pont d'Ambon à Bourdeilles (France), 
724 
Poulton-le-Fylde (Lancashire, England), 
403 
Předmostí (Czech Republic), 246, 247 
Pusztataskony–Ledence (Hungary), 378 
Qilakitsoq (Greenland), 327, 339 
Quanterness (Orkney, Scotland), 128, 
838 
Raptor (Wyoming, USA), 555 
Raptor site (Wyoming, USA), 352 
Raunds Furnells (Northamptonshire, 
England), 520 
Ringkloster (Denmark), 100, 151, 233, 
244, 245, 331, 336 
Riparo Mochi (Italy), 159, 435, 755 
Riparo Tagliente (Italy), 289, 558, 559 
Robin Hood Cave (Derbyshire, England), 
81, 153, 348, 549, 550, 718, 855 
Saint-Michel-du-Touch (France), 373 
Salts Cave (Kentucky, USA), 165 
San Clemente (California, USA), 382 
San Miguel Island (California, USA), 
128 
San Nicolas Island (California, USA), 
382 
Santa Cruz Island (California, USA), 
344, 382 
Schöningen (Germany), 225, 239 
Sefunim Cave (Israel), 279 
Shamanka II (Russia), 384 
Shanidar Cave (Iraq), 404 
Shillourokambos (Cyprus), 380, 381, 382 
Sibudu Cave (South Africa), 226 
Silbury (Wiltshire, England), 339 
Sinagua (Arizona, USA), 555 
Skateholm (Sweden), 281, 386 
South Fork Shelter (Nevada, USA), 330, 
331 
Star Carr (North Yorkshire, England), 
250 
Stellmoor (Germany), 177, 242, 243 
Stix and Leaves (Colorado, USA), 76, 
440, 441, 442, 461, 574, 576, 583, 
584, 585, 621, 622, 623, 666, 667, 
668, 669, 670, 671, 683, 684, 685, 852 
Stykket (Norway), 364 
Swifterbant (Switzerland), 339 
Three Rivers Petroglyph (New Mexico, 
USA), 364 
Tianyuan Cave (South China), 133 
Trois Frères (France), 361, 363 
Trou de Châleux (Belgium), 148 
Trou des Nutons (Belgium), 148 
Two Ledges (Nevada, USA), 140, 141 
Tybrind Vig (Denmark), 244, 245 
Vale Boi (Portugal), 278, 297 
Vancouver Island (Canada), 155, 652 
Vedbæk (Denmark), 251 
Ventana Cave (Arizona, USA), 351 
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Vista (Nevada, USA), 140, 141 
Wallace Ruin (Colorado, USA), 76, 354, 
489, 527, 531, 536, 549, 574, 576, 
595, 596, 597, 621, 622, 623, 633, 
639, 648, 649, 650, 652, 660, 662, 
663, 664, 665, 668, 670, 671, 683, 
684, 685, 852, 887 
White Oaks Spring (New Mexico, USA), 
191, 192 
Whitehall Farm Roman Villa 
(Northamptonshire, England), 66, 76, 
517, 657, 672, 674, 681, 683 
Yderhede (Denmark), 337 
Yin (China), 387 
Zaraisk (Russia), 246 
Zhokhov (Russia), 251 
Zvejnieki (Latvia), 367 
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